




; first that the materials are 
ger poset phir ex of stability on this hypo- 
bea by examining in on respect those conditions are 

: e limited stre of the materials. 

yaaa lying the followingmethods to analyse the strength 
of any given structure, the first question to be solved is: Is the 
structure, when acted on by the given pressure, on the balance be- 
‘tween ere and falling? The problems determine if this is 
the and if not, if the pony sy ep towards stability or insta- 

bility. Ifthe structure be on the balance between standing and 
Ay then the slightest alteration in the pressures may cause it 
to and it would therefore be condemned as unsafe, If the 
‘tendency be towards instability, unquestionably the arch will not 
stand. te on the other hand, the tendency be towards stability, 
then another question arises ; How great a degree of strength does 
the structure possess? When it is decided ingvhat terms this 
strength is to be measured, the problems in the following pages 
can be applied to answer the question, Thus, the strength may be 
po a by the weight in different positions and directions, that 
will be required to produce the state of unstable equilibrum, or the 
: between standing and falling. Or, again, the strength of 
___ the material may be hypothetically iminished, until this unstable 
equilibrum is produced, and thus a measure of strength is obtained ; 
as for instance, if the hypothetically diminished strength of the 
‘material is one-tenth the actual strength of the material used, 
| then the structure is ten times stronger than is theoretically ne- 


| s Srorton II. 


Arr, 7.—On the conditions of stability of an arch whose voussoirs 
Smrcomgoenelile the form of which, and the gore —_ 
| as regards position, direction, and amount, being similar on 
sither side of fie omen of the arch, 

In such an arch, the conditions of failure are, as before stated, 
the first and second ; that is, the voussoirs may slip on one another, 
or turn over on their edges: the latter condition will first be dis- 
cussed. 

It need not be proved, that if in one part of an arch the vous- 
soirs turn over on their edges at the extrados, causing the joint to 
open at the intrados, then at some other positions, other voussoirs 
must turn over on their edges at the intrados and the joints open 
at the extrados, Also it need hardly be proved, that if the anh is 
-similar in form and similarly loaded on either side of the crown, 
that if failure takes xe, in the manner above described, one of 
the points of rupture will be at the crown of the arch; this is 
near y self-evident, and may be proved by experiments on any 
model of an arch ; it is, however, proved geometrically by applica- 
tion of the problem in Section 4. If the arch fails at the crown, 
by the voussoirs turning on their edges A,, at the extrados, as in 
diagram 7, then at some point in the haunches, the voussvirs will 
at the same time be turning on their edges A,, at the intrados, in 
which case the crown will sink and the haunches will spread. = 

If the arch fails at the crown, by the voussoirs turning on their 
siges at the intrados, as in diagram 8, then at some point in the 
naunches, the voussoirs will, at the same time, be turning on their 
om. Ag, at the extrados, in which case the haunches will sink 
and the crown-of the arch will rise. , 

Axr, 8.—When the arch is failing, as shown in diagrams 7 and 8, 
then the points of application of the resultant pressures at the 
places of failure are beyond the edge of the voussoir, as shown in 
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sultant pressure must be at the extreme 5) 
its direction must Sap pear eye yr or 
extrados, at A,, A because if not, the line of 
passes without the bo of the vousso 5 
other side of the point A, and the structure has already failed, by 
the turning over of some other voussoir, Therefore, when 
arch is in the condition of unstable equilibrium, then, at all the 
points of rupture, the directions of the resultant pressures are tan- 
gents to the intrados, or extrados, 

Arr. 9. Problem 2.—To find the second point of a in an 
arch whose voussoirs are incompressible, the form of which and the 

ressure sustained by it, as rds position, direction, and amount, 

Fein similar on either side of the crown of the arch. 

‘Abo to find the amount of pressure at the crown and at the 
second point of rupture. 

Take for example an arch with a backing, or superstructure, 
diagram 9. It is required to find the second point of rupture, that 
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Diagram 9. 


is, that point in the haunches, at which the voussoirs will be about 
to turn on their edges, when the arch is in the condition of un- 
stable equilibrium. 

As the form of the structure leads to the supposition, that, if 
failure take place, it will be by the sinking of the crown and the 
eprending of the haunches, let it be first assumed that the arch is 
about to fail in that manner. Then the point C, in the extrados, 
at the crown, will be the first point at which the voussoirs are 
about to turn; and the horizontal line C E, will represent the 
direction and position of the pressure upon the side of the arch 
drawn in the figure, caused by the weight of the opposite and 
— side : see Art. o 

thoose some point R,, in the intrados, and, for trial, su 
that to be the.second. point of casters. mee the rouse eta 
be on the point of turning on their a at R,, and the resultant 
pressure will act through R,, in the direction R, T,, of the tan- 
gent to the intrados: see Art. 8. Draw the joint or normal to the 
intrados R, N,, and the vertical line N, B,. Fi 
gravity of the mass ADR, N,B,; and draw the vertical line 

, W,, and produce it till it intersects C E, at the point I,. 
Then the only pressures acting on the point R,, are the 
of the opposite arch, acting in the direction C 
of the mass AD R, N, B,, acting in the di 
since the direction of these two pressures intersect 
1,, therefore, by the well-known law of Statics, the 
their resultant also passes through ti 
arch is about to fail at the point R,, R, T, 
resultant, and this does not, if continued, 
























‘“‘geigl ‘similar method to that deseribed for R,, as shown in 


- since the tangent R, T, does not pass through 
the point of intersection 1*, but is less inclined to the vertical 
than the line R, 1,, the point of rupture is above Ry. Also since 


ne R, 'T,, more nearly coincides with the line R, 1,, than 
cen R, T., with the line R, I,, the point of rupture is nearer 
to R,, than to R,. 
One more subsequent trial generally suffices to determine the 
point, which, in this example, is the point R,. For the 
t R, Ty, uced, — through the — I,, which is 
of intersection of the oie pa of the wei, pa of ~ 
ass A DR, N, B,, and the pressure of the opposite of the arch. 
Therefore, if the arch fails by the sinking of the crown, the second 
point of rupture is R,. : 

The second case is now to be considered: Where will be the 
second point of the rupture, if the arch fails by the rising of the 
crown? Draw the horizontal line DL, which will, in this case, 
represent the position and direction of the pressure of the gpre- 
site side of the arch, Let the point N, be tried; then if be 
the point of rupture, the tangent to the extrados at N,N, P,, 
will, if produced, pass through the point Q,, which is the point of 
intersection of the directions of the pressures of the opposite side 
of the arch, represented by the line DL, and of the weight of 
the mass ADR, N,B,, represented by the vertical line W, I,. 
But N, P, intersects the line DL, far from the point Q,. Also 
if the point N, be tried, it will be found that the tangent N, P, 
is far distant from the point of intersection Q, ; and in like man- 
ner it will be found, that at no other point above N,, will these 
conditions be fulfilled, except at the point C. Therefore the arch 
will not fail by the rising of the crown, Therefore the arch will, 
if it fails, fail by the carer hh the crown and the spreading of 
the haunches ; and the point’R, is the second point of, rupture. 

Arr. 10. The second part of the Problem.—It is required to 
determine the amount of pressure at the crown, and at the second 
point of rupture. 

Construct a scale of equal parts, as in Problem I, each division 
representing some unit of pressure, as pounds, hundred-weights, 
or tons. Through the point of their intersection I,, produce the 
lines R, I,, and W, 1,; then on the line W, I,, produced, mea- 
sure off the distance, I, F, containing as many equal parts of the 
scale as these units of weight, in the mass ADR, N,B,, and 
from the point F, draw a line ton to C E, intersecting the line 
R, I,, produced at the point H. Then, by the well-known prin- 
ciple of the parallelogram of pressures, the line F H contains as 
many equal parts of the scale as there are units in the pressure 
of the opposite side of the arch on the crown at C, and the diago- 
nal of the parallelogram H 1,, contains as many equal parts as 
there are units in the — on the point R,. Thus. in Ex- 
ampe 1, if the weight of the mass AD R, N, B,, is 3 tons 3 ewt., 
then the pressure at the crown will be 1 ton 2 ewt., and the pressure 
at the point R,, 8 tons 5 cwt. 

Arr. 11.—Thus the resultant pressure on one of the blocks of 
the structure is determined in direction, position, and amount, 
which is the datum required in Problem 1; and therefore, that 
problem may be applied and the line of resistance be traced, as in 
the example in Art. 3, through the whole structure, commencing 
either from the crown, or from the second point of rupture ; and 
this line will represent the resultant pressures at every part of the 
structure, when it is on the balance between standing and falling, 
that is, when it is in the condition of unstable equilibrium, 

If the line of resistance, at any point, passes without the boun- 
dary of the voussoirs, the structure will unquestionably fail. If it 
touches the extrados, or intrados, at other points, and at the base, 
then the structure is in the condition of unstable equilibrium, If 
the line of resistance passes through the base of the structure, 
some distance within the mass, then the arch has a certain 
of stability, which may be tested, as described in Art. 6, by the 
methods given in the following Sections. 

to the first condition 


The stability of the structure, with r 
of failure (Art, 1, diagram 2), has to be considered, and is at 
once determined by inspecting the line of resistance, drawn as 
described in the foregoing examples. If at any part of the struc- 
ture a joint is made, in such a direction, a vy a 
pren i pepnce rio apron 
: it, at an greater than the li 
resistance o surfaces gt iat the structure 
‘not the | j 
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aa pa strength of the materials being taken 


On the conditions of stability of an the form of which, 
and the pressures sustained by it, as sition, direction, 
and amount, are similar, on jo fred side of se trons te the arch ; 

into considera- 


Arr. 12.—By reference to Art. 6 it will be seen, that it is 


ag, “wee that the conditions of stability in an arch should first 


iseussed on the supposition that the materials’ were incom- 
ressible, and that then it should be examined in what respect 
those conditions were modified by the limited strength of the 
materials used in building. The first part of this ion has 
been considered in Section Il. It is the purpose of this section te 
consider the second part. 

The arches in the examples in the last section could not stand 
if they were built of any materia] at present known, because at 
the points of rupture, the resultant pressures act at the extreme 
edge of the voussoirs, and therefore all the pressure has to be re- 
sisted by these extreme edges, or by a single line, which cannot be 
the case, unless the material is incompressible. So that in all 

ractical cases of arches, even the condition of unstable equili- 
frinm cannot be attained, unless the position of the line of resist- 
ance is some distance within the section of the arch. The ques- 
tion which then arises is, how near to the intrados or extrados can 
the line of resistance pass, without causing the failure of the ma- 
terials? 

Arr. 13.—Experiments to determine the strength of stones to 
resist compression, have for the most part been made by the ap- 

lication of pressures on cubes of the’stone, in a direction n= 
Rocka? to the face of the cube, as in diagram 10. The resultant 


of this pressure, and the weight of the stone, acts in the direction 
Diagram 10. 





Diagram 11. 










of the axis of the cube, its point of application being in the centre 
of the base at p ; so thatif ee be a through this point p, to 
the edges of the block, as the line A B, the portion p Ata equal 
to the portion pB: and as, by the principle of the equality of 
moments, the pressure on the point A, multiplied by the length 
Ap, is equal to the pressure on the point B, multiplied by the 
length Bp; since the length A P; is equal to the length B p, the 
pressure on the point A, is equal the pressure on the point B; and 
similarly the pressure on the whole edge of the stone eh, is equal 
to the pressure on the opposite edge fg. 

Now let the block of stone, as shown in diagram 11, be acted 
apes mr pressure whose direction is inclined to the axis of the 
block, but which is applied in such a position, that the resultant 
of it, and the weight of the block, acts through th 
the centre of the base. Draw any line pty Fa point 
to the edges eh, and fg, and draw another line through p, in the 
Spee (SO fete et Peer rae then i and B, draw 
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essere wil be sustained in a similar manner, by the base 


So that if the resultant pressure at p, diagram 10, is equal 
not per square inch of the ef gh, and does not 
the particles in that surface, then, if the resultant at p, 
diagram 11, is equal to one ton per square inch of the surface 
ef gh, the icles in that surface will not be crushed, — f 

ff in Sher of the cases, Diagrams 10 and 11, the portion fi kg, 
be added, it is evident that the pressure on the base ¢fg A, will not 
be increased. And therefore, if a stone, as in diagr » 
ed on by a pressure, the resultant of which, and the weight 
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D'agram 12, 


of the stone, passes through a point p, in the base eikh: Draw a 
line AC, through the point p, to the edges eh, andik; then 
measure off, on the line p C, a portion p B, equal to the length p A, 
and draw the line fB g, perpendicular to the line AC. Then, if 
the resultant pressure at the point p, divided by the number of 
square inches in the surface e/g h, is not greater than the pressure 

square inch, that (by the experiment in diagram 10) the mate- 
rial was found capable of bearing, then the stone will not fail 
when acted upon by the given pressure. 

It is of course implied, that no natural fault, or laminated 
structure, of the stone, should cause it to yield, it being evident 
that the judgment of ‘the engineer must be called into requsition, 
to guard against such a catastrophe, 

Arr. 14.—The-method here proposed, for the determination of 
the proper section, &c., of arches, or for discussing the stability of 
arches already designed, the limited strength of the material being 
taken into consideration, is founded on the above-mentioned prin- 
ciple. 

Srcrion IV, 


fre On the conditions of stability of an arch, acted upon by forces 
/ of any amount, applied in any position and direction in the plane 
of the section; or of an arch, whose form is not similar on both 
sides of the crown, 

Arr. 15.—In an arch under the conditions stated at the head of 
this section, the first point of rupture is not necessarily at the 
crown, and it is this which constitutes the difficulty of the ques- 
tion, It may here be remarked, that when the terms first, second, 
and third points of rupture are used, it is not meant that the 
failure of an arch commences at the first point, and then spreads 
to the second point of rupture, and so on; for theoretically speak- 
ing, the structure will fail at all those points at the same time ; 
but by the first point of rupture is merely meant the point of ru 
ture first determined, and by the second point of rupture, the 
yer of rupture secondly determined, as by the process detailed 
“a the preceding sections, one point of rupture being already 

nown. 

Arr. 16. Problem 3.—To find the first point of rupture in an 
rch acted upon by any given pressures, in any given position, 
and the arch itself ied of any 


iven shape. The method pro- 
posed to solve this problem will, it is thought, be more easily 


shown, by reference to the example of the arched vault in the 
previous sections, than by a general diagram and demonstration. 
Example.—Let the arched vault shown in diagram 13, of 80 feet 
and whose ~— of voussoir at the crown is equal to one- 
ninth of the radius, be acted on by.a pressure, equal to the weight 
of a ion of.the arch of 20° length of intrados, and one foot in 
z of transverse section, and applied vertically to the soe | 
ata of 30° from the crown, Required the first point 
under these conditions ; the materials being incompressi- 
trial, some point R, in the to be 
Tupture, say 28° from the crown, as indiagram 13, 
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Diagram 13. 
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when the arch is about to fail at that point; for then the line ot 
resistance touches the extrados at R, Also R, being the first 
point of rupture, and the arch being about to fail, the pressure of 
the lower portion of the arch, in the direction T, R', must be 
equal to the pressure of the upper portion, in the direction T, R, ; 
for the pressures must be in equilibrium about the point R,, and if 
one is preponderating, then the arch has already failed somewhere 
else, and the voussoirs, if about to turn on their edges at the point 
R,, are moving in the direction of the preponderating pressure. 
On the supposition that R, is the first point of rupture, find the 
second points of rupture, R,, on the right and left hand sides of 
the arch, in the same manner as described in Section II. Problem 2. 
In this case, the second point of rupture on the right hand site, 
is at the intrados, at 51° degrees from the crown ; for the verti 
line, drawn through the centre of gravity of the mass R, N, R, N,, 
intersects the tangent to the extrados, at the crown R, T,, at the 
point O, and the tangent to the intrados at R,, also passes through 
the same point. ie the second point of rupture, on the left 
hand side, is at the intrados, 64° distant from the crown; for the 
direction of the resultant of the weight.of the mass R, N, R,N,, 
and the force impressed on the arch, intersects the tangent to the 
errr at Rj, and the tangent to the intrados at R,, at the same 
oint O. 
. Next, construct the parallelograms of pressure, as shown in 
diagram 13; in that for the left side, the vertical line marked 
RW 1, represents the resultant. of the weight of the mass, 36°, 
and the impressed forces equal to the weight of 20° of the arch ; 
and these being pressures in the same direction, this resultant 
equals the weight of 56° of the arch, and the side of the parallelo- 
gram RW I, is equal to 56 parts of the scale. The directions of 
the other two apport are sufficient to determine the parallelo- 
gram, by which it appears, that the pressure of the lower portion. 
of the arch on the point to the 
weight of 40° of the arch, , 
In the same manner it will be found that the ressure of the 
upper — of the arch on the point R,, in the direction T, Ry 
is equal to the weight of 50° of the arch. But the pressure in the 
direction T, R, is equal to the weight of 40° of the therefore 
the pressure at the point R,, of the upper portion of the arch, 
upon the lower, is greater than that of the lower portion and its 
impressed force, on the upper. Therefore R, is not the first point. 


of rupture. 

Take therefore, for trial, some other point nearer the crown | 
the arch, for the point of rupture ; for it is evident, that as fe 
int of rupture poner towards the the 

m the left side, willbegreater; and that from the 
this second trial point be 15° from the crown; : 
adethinhaend =e 4 process similar to that abo: 
wn in the diagram ; and it will be found, ¢ 


» in the direction T, Ry, is eq 
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oussoirs bout to turn on their ed, at this point, the 
sure from the I from the right; cach being 


sure from the left equals the pressure 
equal to the weight of 41° of the arch. 

The second point of > age on the right side, is at the intrados, 
55° from the crown, and the pressure there is equal to the weight 
of 71° of the arch; then Problem 1 can be applied, to trace the 
line of resistance through the rest of this side of the structure, 
and it will be found, that for the arch to be in the condition of 
unstable equilibrium, about the springing, it is necessary that the 
voussoirs should be deepened about 12 inches, at 86° 40’ from the 
crown, 

The second point of — on the left side, is at the intrados 

62° from the crown, and the pressure there is equal to the weight 

of 90° of the arch, and Problem 1 being eatied to trace the line 

of resistance through the rest of the structure, it will be found, 

that for it to be in the condition of unstable equilibrium, at the 

springing, the voussoir must be notched at the extrados, to the 
jepth of about 6 inches. 

Arr. 17.—Theprinciples and themethod described in Section III. 
may be applied to the arch sustaining pressures, as described in the 
heading oy this section, and of unsymmetricical form ; as well as 
to that arch whose pressures and form are similar on both sides of 
the crown, as described: in Section I]. 

It is also evident, that the above method will apply to any irre- 
gular form of arch, and that fhe principles and method described 
in Section III. might also be applied. 


ON A GENERAL THEOREM TO CALCULATE THE AREA 
OF A CROSS-SECTION OF A RAILWAY ON 
SIDELONG GROUND. 

By R. G. Crank. 

The intention of this paper is to investigate a formula, free from 


surds or any approximation, to compute the area of a cross-section, 
without having regard to the side stakes. We have given (fig. 1) 





Fig. 1 
the breadth of formation level A B; the depth O F from centre 


stake ; the difference of heights d, taken by the spirit-level ; the 
Fae er a ere ars —- a of the slopes. 
eferring resent volume, art: i Sectio: 
in Sidelong Ground,” $a. fevtoails (8), which FE piasieoes = 
(26+ ma) 444 (b+ma) (w—2’) sin 0= area; 
where b= 3 formation level; a= d or height from centre 
stake to centre of formation level ; # and 2’ equal the distan: 
OD,OH; o= of inclination of ground ; 
slope to one ndicular. Also leth = difference of heights by 
level rd; and 7= U d, the h enusal h on surface. 
From Oy and (2), page 67, in the article 
Wt cad es se 1 : 
Tent w ane T= ote! 
then the above formula becomes, by substituting T and 'T’, 


: (2d4+ma)a+ (b+ may (TT) x SO are pyeferray 7°) 


on . 
e referred to, put 


| of comparison, I have to refer to 


sin @__ 2m sin 6 sing 
a a ler mea ler a 
msin?@ __ _mtan*@ 
si "cos? —m?sint@ I1—m'tane” : 
‘ow consider, in the triangle q dr, the ad 
“h to be a tangent, the Sinentads taasadient Shea 


tanto = _— Substitute this value in last expression, and then 
in (4) ; we have for the required general formula : 


2 

(2b-+-ma)a+(b-4+may me = area H A B D(5) 

Let the slope be 1 to 1; thenm=1;.°. 
(ba)? h 

(2b40)a4 42°" 

The general formula is more simple than it appears: when these 
numbers are large, we shall only require a table of square numbers 

to work out any — Two examples are subjoined :— 

1. Given length on slope of ground = 20 feet ; the difference of 





heights, 6 feet ; slope to be 2 to 1; depth of cutting, 20 feet; and 
breadth of formation level, 30 feet. Find area by the formula (5). 
Substitute the above values in (5) : 
2X 36 


(33 + 40) 20+ (16°5 + 40)? 55 = 2504-7, area required. 


2, Given the length 20 feet on descent of ground ; difference of 
heights by level, 6 feet ; intended slopés, 1 tol; bas oe of cutting, 
45 feet; and breadth of formation level, 33 feet. Find the area. 
(See fig. 1; and for embankment, see fig. 2.) 

By substituting the above values in (a) : 





(83+ 45) 45-4 esto) 88 — sees, area required. 
BD Fa 





Fig. 2, 


From the above it may be observed, that when a centre line of 
railway is ranged and staked out, and the depths known on in- 
clined ground, we can always find most expeditiously the area of 
any vertical cross-section, by means of the spirit-level, without re- 
quiring the distances of the side stakes from the centre. By way 
an article for a similar purpose, 
page 263, vol. VII. of this Journal. 


SOCIETY FOR THE PUBLICATION OF ARCHITEC- 
TURAL KNOWLEDGE, 


From what has been said of it, the main pu of this Societ; 
—which, perhaps, may not mean to call itself exactly by the title 
for the present assigned to it—seems to be to bring out what shall 
be a complete Dictionary or Encyclopedia of Architecture—a very 
meritorious undertaking, and one which, as the want of bee 
on 
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i of the kind. Much will depend upon 
most maturing the whole of their plan beforehand,—a 
work of no’ small labour in itself, but which would save them in- 
numerable difficulties and perplexities. Let nothing be overlooked : 
let them not have to say, when midway in their task, we did not 
think of this, or of that, and it is too late to think of it now. Be- 
: | otagy? we cannot attempt to give any sort of special advice, 
if anticipated by themselves it might be construed into 
downright impertinence. We can only say that we shall gladly 
open our columns to any more correct and fuller information as to 
its objects which the Society may deem proper to gommunicate. 













GEOMETRY FOR THE MILLION. 
Principles of Geometry, Mensuration, Trigonometry, Land Sur- 
bite Se and | Soars iy Tuomas Tate. London: Longman 
.5 1848, 


fee We have read this work with sincere regret: for in every point 
| of view it is calculated to be injurious. It will be injurious to 
E those who take it as a guide for the study of geometry ; and it 
| will materially injure the character which Mr, Tate had fairly es- 
| __ tablished by his previous writings, both as a mathematician and an 
| _ instructor, We could, indeed, scarcely believe, whilst turning 
i over the pi that we had not taken up the wrong work ; and 
we once actually (under the impression that it could not have 
been written by Mr. Tate) turned back to the title-page to verify 
our unbelie?! 
5. Of Mr. Tate's other works, without exception, we think very 
highly. His treatise on “ Factorials” bespeaks considerable ana- 
lytical power; and though rejected by the Royal Society (which 
we deem to be no criterion of the merit of the work), it contains 
much that is new, and the whole system is developed with perspi- 
a euity and elegance. His “Arithmetic,” again, isjust what a treatise 
| __ on arithmetic should be :—the rules are given clearly, and such 
K reasons or approximations to reasons as could be comprehended 
by the minds of young students, are attached to the rules. The 
cient demonstration of the rules of arithmetic constitutes the 
basis of algebra ; for we hold that algebra is fundamentally rang a 
statement of the rules for arithmetical operation, obtained by in- 
duction from the particular instances supplied in actual computa- 
tion. We have no faith (because we have no proof) in the doc- 
trine of “the permanence of equivalent forms,” as a fundamental 
P principle, apart from the evidence of induction, and of the verifi- 
fi cation afforded * deductions from it. spite the “ Exercises 
i on Mechanics and Natural Philosophy,” Mr. Tate has manifested 
a consummate skill, by exhibiting very simply and very clearly the 
5 hme of mechanical action; and the exercises are admi- 
. rably chosen from amongst the most familiar combinations of ma- 
chinery, and the phenomena of daily observation, which tend to 
elucidate the principles very happily. 
Our readers (and even Mr. Tite himself) must, then, be con- 
vinced that we are actuated by no hostile or unkind feelings to- 
wards that gentleman, when we express our objections, and very 
grave objections too, to his “ Principles of Geometry.” For no 
other reason, indeed, should we have said so much by way of 


proem. 

Our objection then is—that Mr. Tate has either misconceived or 
‘misrepresentedthe fundamental character of geometricalevidence and 
of cal reasoning. Either of these charges seems almost 
like improbable :—the former in consideratiou of his intellect, 
zeegesion, ead his cleverness ; the latter, in consideration of 
his ic position and his high character.for probity. We 
have no “ema i rove hypothesis but the pe 3 and ") 
have no ‘ion in say at misconception is the cause 
the objectionable principles of this work. We will state our 
es i ee 
Mr. T ly all our pears ve 
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ut down at the opening 
amental conceptions respecting multip’ ich are prefixed 
can fifth book. The fact is, that Mr. ‘Tate has not discriminated 
between the essential characters of geometry and of algebra ; and 
he has thereby been led to — into the discussion of the 
former subject, the methods which are not only legitimately 
available in the latter, but in a great degree essential to its de- 
ment, 

ver ere may be an additional reason, dependent on Mr. Tate's pro- 
fessional position, for his vagueness of conception on this head. 
The Battersea Training Institution was formed, we believe, for 
the purpose, not so much of education itself, as for training the 
po Most cer- 


bl r of schoolmasters in the art of teaching. 
fadal “the object was a noble one: for probably no one of our 
soci 


classes stood relatively so low in respect to skill in their par- 
ticular duties as the general mass of schoolmasters. A good 
teacher, or even a moderate scholar, was the exception to the rule 
rather than therule itself. This has been sufficiently established by 
the reports of the “Government Inspectors of Education’—even 
after all allowance has been made for the over-colourings in those 
Reports, which in some cases cannot be denied to have been made, 
The formation of suitable schoolmasters, especially for the rural 
districts, required them to be trained to a ready and popular ex- 
position of the ordinary henomena of nature and of mechanism, 
as well as of mere methods of computation. | Popular rather than 
technical language is often found to be convenient ; and, below a cer- 
tain grade of mental development, it is essential in such a case, In 
the devising of such popular modes of e ition, Mr, Tate has 
been for many years employed ; and, as is always the case, his 
daily routine of duties may be supposed, without any diminution 
of our respect for his talents, to have destroyed that vividness of 
perception and rigorous spirit of reasoning, which mathematical 
science naturally produces in respect to the force of evidence. 

We look, of course, to the preface of a work to ascertain the ob- 
jects for which that work is written, and the principles on which 
the author composed it. A reference to Mr. Tate's preface, with 
one or two specimens of his method of proceeding, will, we are 
sure, convince every reader that we have not formed our un- 
favourable opinion of his work without adequate reason. 

Mr Tate considers that “it will be instructive to trace the 
origin of our ideas in geometry, with the view of suggesting to us 
the means whereby first notions on the subject should be con to the 
mind of the learner.” Now, the ambiguity involved in the word“ our” 
—which leaves it uncertain whether he referred tothe conceptions of 
the first geometrical speculists of our race, or to those who in our 
time have been trained in the terminology and popular traditions 
of geometry—is very objectionable. The former would appear, 
from his subsequent remarks to be his view : but it is not at all clear. 
Under either aspect, however, his maxim is very questionable; and 
certainly by writers of pian ge scientific and philosophical au- 
thority, it is always rejected. In truth, the actual order of dis- 
covery is almost invariably found to be the most inconvenient for 
the systematic exhibition and development of scientific truth. 
The universal history of science is at variance with this conun- 
drum of Mr. Tate's. 

The author's delineation of that creature of his brain, the 

rimeval geometer, is a sufficiently ludicrous piece of seriousness : 
But his talk about “the vast amount of facts accumulated inde- 
pendently of the formality of definitions, or tedious verbiage of a 
us demonstration,” really startles us. It is more like the 
raving of an illiterate person than the language of an accom- 
—— geometer. Neither can this be called a stray passage acci- 
entally expressed in an offensive form; for the animus is the 
same throughout the work, For instance, he says a little further 
on (p. vi.): “In the demonstrations contained’ in the followi 
treatise, conciseness and simplicity have been preferred to phe d 
i ical logic ;” and he has created his primeval 
and philosophical geometer, “ without any precise views relative to 
the ori ideas, or the formule of a technical logic, [with whom] 
demonstration would consist in a simple appeal to common-sense, or 
in such an exposition as might be cient to carry conviction to the - 
mind.” This Sergei geometer is created, too, as the Battersea- 
for formation of Englishmen of science; and Mr. 
retest Euclid’s assertion as respects “a royal road to 











at the least—in short, the evidence of experiment performed with the 
ruler and com or perhaps with a somewhat sensible balance, 
such as those made by of the Poultry, Be it so—but do not 
ie science by this “ etry.” 
Again, what does Mr, Tate consider to be “such an exposition 
as might be sufficient to carry conviction to the mind” of a learner? 


Judicious teachers, we have often heard, lament the imbecile facility 
with which conviction is carried to the minds of the most slothful 
pupils : they are most readily “convinced” by the bare words of the 
enunciation, provided they are excused the trouble of understanding 
it, and still more readily if they can be excused the trouble of prov- 
ing it. Common-sense people, and people without any sense at all 
except the five physical ones, are e adroit learners under these 
conditions ; and it would seem that the founders of the Battersea 
Normal School knew pretty well what they were about, when they 
conceived that extraordinary scheme. Our own wonder is, not 
hat Messrs. Shuttleworth and Tuffnell should have founded at 
college for such purposes :—it is, that Mr. Tate should not onl 
have ministered to this extraordinary system of training school- 
masters, but that he should have pushed himself forward into such 
unenviable notoriety (for a scientific man) as the Corypheus of a 
conspiracy for the abolition of pure geometry in England. 

Let not the import of our remarks be misunderstood. We take 
no objection, but directly the reverse, to the composition of works 
on practical geometry, apart from the demonstrations of the pro- 
cesses. The Elements of Euclid were never intended as a work 
to serve the wants of the artisan or draughtsman in his operations ; 
and it is very certain, that infinitely better constructions for prac- 
tical purposes of the few problems given in the “ Elements” might 
be easily framed. Their proofs, however, must depend on proper- 
ties not laid down‘ by Euclid. Yet it shows the paucity of re- 
source which our “ common-sense” meters possess, when we 
remark that nearly all these writers fallow in the wake of Euclid in 
the most servile manner, and adopt not only his constructions, but 
even their very order, and almost his language. Let us have a good 
work on practical geometry by all means: let the constructions 
be accompanied by demonstrations or not, as may be deemed ad- 
visable by the author ; but still, let us not be beguiled into a belief 
that our constructions are true, by a few ere inconclusive, 
or utterly irrelevant sham-demonstrations,—alike Uiscreditable to 
him who offers them as evidence as to him who so receives them. 
Give perfect demonstrations, or none. Take water, if you please, 
gentle reader, from the fountains of science; but do not pollute, 
or allow others to pollute, the pure streams with such adulterations 
as those which we shall presently quote from the work before us. 

Mr. Tate does, indeed, pay some rather inflated compliments to 
the geometry of Euclid,—some “ very fine writing,” no doubt : but 
the very form in which they are expressed is obviously intended 
for disadvantageous contrast with his own system of primeval 
gone: The only book, in the author's view, better than 

uclid’s is Tate's! In our view, the only book worse than Mr, 
Tate's is Mr, Andrew Bell's, in “ Chambers’s Educational Course” 
—not even Euclid’s Elements excepted. After his eulogy of 
Euclid, he proceeds 

“ However, it’ must be conceded, that whatever may be its excellences 
as a book of reference to the mathematician, its defects, as an initiatory sys- 
tem of geometry, are too apparent to admit of even an apology. A great 
book is, in many respects, a great evil; the very elements constituting its 
Breatness,—its refinement and comprehensiveness,—tend to throw over it an 
air of mystery and dignity, which distracts and overawes the uninitiated 
student, in the place of giving him that encouragement and sympathy, which 
rodber it igi in = bcd oe efforts in the pursuit of abstract 

i ge. The geometry id isa system, which can 
only be read, thoroughly, by a person Be ees itnonaticlan; ond 
who can enter into its met cal subtilties, and beautiful yet operose de- 
monstrations, The principle of motion gives a simplicity and clearness to 
Many geometrical conceptions, but from an g inconsistency 
‘use of such a method, Euclid employs it, neither for the purpose of demon- 
‘stration hor illustration, The method of superposition, which, in reality, lies 
at the very basis of dei ‘and, in many cases, gives 
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Now the gist of all this appears to be, that Enclid’s Elements 
may, do well enough as a “ book of reference for rofessional mathe- 
maticians,” but that it is p us to talk of it as a book suited 
to educational purposes, either for the masses, or for i 
persons in general. It is represented as a great book, remarkable 
only for its metaphysical subtilty and operose demonstrations—for its 
refinement and comprehensiveness—and for the affectation of mys~ 
tery and dignity which overawes and distracts the student. It is 
hard to conceive that such a description of the “ Elements” could 
have cep! from any man who has read and understood that 
remarkable production. 

We deny in toto, the statement that the geometry of Euclid is 
“a highly artificial system,” in the ordinary sense of the words, 
“that can only be read thoroughly by a mare who is already a 
mathematician.” If the order in which truths are capable of being 
successively deduced be a criterion of natural order, then the de- 
signation of artificial system as applied to the “Elements” becomes 
most signally inappropriate ; and as to the structure of the syllo- 
gism (or rather enthymeme) in which Euclid delivers his ae 
it will surely bear comparison, even for real simplicity, with the 
vague, urimeaning, slip-shod sentences which Mr. ‘Tate has substi- 
tuted in its place. 


Euclid, it seems, was “ashamed of the lowly ig, of his 
metry”—viz. the method of superposition. Mr. Tate cousins 


; 


are not 


that ‘it “gives a graphic interest to an investigation.” Now, it ; 


surpasses our power to conceive what sort of interest a “ graphic 

,interest” is: but we suppose the author to mean that the mind is 

interested in having its own ere | functions performed for it 
tl 


Te and hand conjointly. Even then we cannot on 
what ground mere superposition can be supposed to ere graphic 
results, Did space allow, we could easily explain cause of 


Euclid’s sparing use of the principle, without suffusing the cheek 
or Mending the lip of the grometzioll patriach ‘with “shame.” 

As to the employment of the principle of motion, we have simply 
to ask, what advantages Mr. Tate thinks he can confer upon aceu- 
rate geometrical reasoning by the introduction of it into geometry ? 
Nay, more, will he tell us how it would aid demonstration? What 
organic definition would he give of a straight line? What could 
he get from the organic definition of the circle, which is more or 
less than Euclid’s definition? Can he have forgotten that the 
cone, sphere, and cylinder are actually defined by their geneses ? 
Can he have forgotten that the favourite method of Payee og 
is not discarded from the subsequent parts of Euclid’s en! 
be made to facilitate the objects 
at? We are sorry to come tothe conclusion, but we can scarcely 
avoid the inference, that Mr. Tate has never “read and inwardly 
digested” the work which is the object of his animadversions—and 
we can have noscruple in concluding that he has never understood 
its objects, seized its import, or y comprehended the system of 
philosophy of which it is one of the most enduring specimens, 

Mr. Tate says that “many of his [Euclid’s] problems are solved 
by methods which are never used in ctice ;” and he instances a 
single one. Can he instance another? We can with ‘con- 
fidence answer for him :—that with this single oe a is 

” of a 
not 


where the principle could 


not a construction given in the whole range of the x 

problem which occurs in practical geometry, which we 

point out as being copied into recent, or com) ively recent 
works intended for the use of ical men, It isa perversion of 
the fact, and an abuse of the confidence placed in him by his 
readers, to make such unfounded assertions. That better practical 
constructions than many of them may be given, we have alread 
said ; but that does not affect the present case. sah 
“The ‘that ‘the doctrine of similar triangles is deferred 
oo lang, Se ee to this: that is made the fifth 
book of the first—which it mi, been, and may, ac- 
cording to Euclid’s treatment of th be 
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better ; for instance, as 
the doctrine of proportion as one ly known and de- 

by means of algebra. We do not ourselves recommend 

the method ; but it has this merit, that it is all fair and open, and 
does not conceal the difficulty by aseries of demonstrative evasions, 
which merely delude the pupil into a belief that the doctrine is 

when no real has been given. 

Dine oe a P pe Mr. Tate affirms that “ oe ee - 
ea, e solid geometry is so operose and refined as to p! it 
| beyond the reach of persons whose time is limited, and whose ma- 
thematical talents are not of a superior order.” It is known to 
the 11th and 12th books of 








A every one who is acquainted wi 
E and the manner in which they are used in*this country, 
that the first twenty-four or five cc are as simple in their 
r as the first book of the “ Elements ;” and that all the pro- 
perties of solids which relate to volume or surface, form no part of 
our of academical reading. Mr. Tate must know this as 


well as we do; and we cannot consider it ingenuous to represent 

the difficulties which are inherent in the parts which are discarded 

from our usual systems of education, as attaching to those which 

are retained, Let us look to Mr. Tate's own work as regards these 

fe Sings We find that with respect to the line and plane, he has 
mx 'y followed Euclid’s views, leaving out however some essential 
'; steps of the demonstrations, and modifying some others after Le- 
f gendre. Then, with respect to the others, which have in modern 
e times been turned over to the calculus in some of its forms, Mr. 
| Tate settles the question 6, baer by the aid of, we sup- 
his “common-sense,” or his “ graphic interest.” He settles 

in short, as “ common-sense” usually does settle these things, by 

& gross mutilation of “the arithmetic of infinites.” There is, in- 

deed, no novelty in this: the only novelty is in seeing it done by 

any man who had an gd acquired the title of a mathematician 


—and in our own day too! 
; da promised a specimen of Mr. Tate’s tutorial scheme. Here 
it is :— 

“ Nearly all the geometrical knowledge contained in this work may be 
conveyed to the pupil in this manner. 

Teacher. What is the line a 8 called ? A B 





Pupil, It is called a straight line. 
T. Of the two straight lines a » 
and p c, which is the greater ? 
P. The line a B is*the greater. 
7. How should you ascertain this with certainty ? 
P. By laying the line p c upon a B, 
T. What sort of line is ar B 
P. It is a crooked line, 


¥ 
T. True; but it is also called a curved line, Whether is the curved line 
, A ¥ » or the straight line a B the shorter? 
: P. The straight line » ». 
1. If you wanted to go from Battersea school to the church, in what line 
should you walk ? 


P. Ina straight line, (Why?) Because a straight line is the shortest 
distance between the school and the church. 


3B D——c 











7. What have you to say relative to the two straight lines =a B 
aBandcp? © D 
P. appear to be of the same length ; and moreover they appear to 


lie even with each other. 
7. In other words you might say,c p= B; and also c pis parallel to 








AB. Isc D now parallel to a B? a B 
P. No; for cp would meet a » on the left side. c——__»D 
T. On which side would they now meet? a B 
P. On the right hand side, . c——p 


T. What is therefore the peculiar property or definition of parallel lines ? 


-P. That if they be carried out ever so far, on either side, they will never 











Such is the substitute Mr. Tate for the artificial 
ofa noe ” and the io eri of i 

rous demonstrat as geometers give us possi- 
ble that some voakers may consider the substitute to be little else 
than the vulgar and illiterate verbiage, only of the scientific 
charlatan, rather than of Mr. Tate and the Battersea Training 
College. 

Were this book merely thrown on the market for those who ma‘ 
wish to purchase it, our concern would be less than it is about 
a work: but we have heard that all the schools in England which 
are under the control of the Government Board of Education, are 
likely to have it forced upon them, as the condition of their re- 
ceiving any part of the sums voted by the House of Commons in 
aid of those schools. The dedication of the work to Dr. Kay 
Shuttleworth is ominous; and the rumours which have reached us 
since we sat down to write, appear co 6 consistency with such 
asuspicion, Yet we can scarcely it the rumour; and we be- 
lieve that such an adoption of it would create a degree of dissatis- 
faction with that decision of that Board amongst scientific men and 
the friends of real education, which would be very disagreeable to 
the Government, and which might endanger its ion of the 
pat?onage which it is the policy of the Government to extend in all 
directions. 

Oh, no! despite the misrepresentations and perversions with 
which the “Elements” is assailed, let us keep to the good old 
Euclid of our earlier days—unmutilated, and in his own venerable 


costume. The true spirit of geometry will be lost in England as it 
is elsewhere, if Euclid cease to be our text-book for the 
Elements of Geometry. 


A Treatise on Practical Surveying, as particularly applicable to New 
Zealand and other Colonies, containing an account of the Instruments 
most useful to the Colonial Surveyor and Engineer, &c. By Antaun 
Wurreneap, late Civil Engineer to the New Zealand Company. 
London: Longman, 1848. 8vo. pp. 196, with plates. 


The title of this work sufficiently explains its object. The 
author, acquainted by experience with the particular difficulties 
and exigencies of colonial surveying, has here recorded a large 
amount of useful knowledge, which has probably been’ acquired 
amid many toils and hardships. To the English surveyor, accus- 
tomed to well-cleared country, thé task of mapping-out the un- 
trodden wilds of New Zealand must be a new and formidable un- 
dertaking. The greatest difficulties of surveying at home, sink 
into insignificance in the colonies. Here we have open country, 
and the use of the instruments is little impeded by obstructions 
to vision—there the thick forest closes in on every sidé, impene- 
trable to the eye and almost to foot of man. Here there are well- 
known way-marks and boundaries, of which every lar is 
already accurately ascertained and delineated—there everything is 
new and uncertain; the endless, unvaried scene presents nothing 
but intertangled thicket, without mark or vestige beyond the rare 
and fading traces of the hatchet of the savage. Here we have 
high-ways and bye-ways for chariots and horsemen—there the 
ergy forces his way through a fence which is as thick as it is 
long. Or else his journey lies over the treacherous morass. Or 
he must swim the unbridged, unfordable torrent. Or his path 
mounts up the steep hill-side, with some 110° of Fahrenheit, and 45° 
of angular acclivity against him. No cheerful hostel for him where 
he may turn in to tarry for the night. He must not ask, with 
Falstaff, “ oe not take mine ease in mine inn?” His inn is 
his blanket. His kitchen and larder are the basket which accom- 
panies him at every step. To hap on a place where food might be 
obtained by barter, would be as surprising to him as to meet a po- 
liceman or postman. He pioneers without a road, and thinks him- 
self fortunate if his course be along the mazes and rapids, the 
rocks and shoals, of a mountain stream. 

It requires no ordi: energy to face such difficulties. And we 
may congratulate ourselves that the spirit of our nation renders 
Englishmen especially fit for occupations so arduous. The mania 
for enter, which renders the English tourist the wonder or 
annoyance of the untravelled German or Italian, is turned to use- 
ful account when the wilds of the antipodes are to be marked out 
pre pcp into farms and townships. Without this spirit there 
could be no sufficient inducement to begin this first attack upon 
nature. For these pr boat are not ci but the 

the forlorn hope. they 
the breach practicable, others enter in and gather the 
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in the latter; and on allthese points our author 
gives minute instruction. Chapters II. and III. detail the methods 
of laying out town and country lands, and the particular objects which 
demand the attention of the are carefully explained. The 


fourth on ical astronomy) does not from its nature 
admit much that is new, but appears to be a useful compendium, 
There are two other chapters, on marine survi colonial 


roads, and some tables of mean refraction, corrections for the sun's 
declination, &. On the whole, we are inclined to think that when 
he ought to put 


the English surveyor packs up for the coloni: 
aa portmanteau. 


Mr. tehead’s treatise in a accessible corner of 





IMPROVED MODE OF WORKING EXPANSIVE STEAM 
VALVES. 


Communicated to the Mining Journal, by Mr. Tuomas Crappoox, 
of Birmingham, 

Fig. 1 is an end elevation ; and fig. 2 a side elevation. In this 
design, one eccentric, which is shown at 4, 4, rhe made to give mo- 
tion to both the steam and expansive valves, The time at which it is 





‘desired to open and close the expansive valve, in relationtothe stroke 
of the piston, will be understood from the following description of 
the parts :—a a is the clip and eccentric rod, which communicates 
motion-from the eccentric 4, 4, 4, to the expansive valve n, through 
the right angular lever b and d, which moves upon the pin c, which 
is attached to the small projecting parts ss, which project from 
the lever /f—the lever dd, terminating in a forked end, which 
takes into the ve of the circular ring ee, which ring is moved 
longitudinally by the action of the eccentric through the aforesaid 
lever bandd; jis another right-angular lever, which communi- 
gates motion to the expansive valve n, through the valve-rod n’. 

¢ part represented at ii, receives its support from the founda- 


tion, or other fixed part, to which the main shaft of the engine is . 


attached, and has a projecting socket, on which the lever f, and 
e work—so that t parts have no direct communication 
bir bed inain shaft. The ring does not revolve, but only partakes 
0 


; of the eccentric and also embraces the | 
ane ; aeictey ae laies Piceke cant aa¢ioauee 
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LLANDAFF CATHEDRAL. 


The History, Present Condition, and Proposed Restoration of 
Cathedral. By Mr. T. H. Wyart-—(Read at the Royal Institute of British 
Architects, March 20.) 


Upon the history of the cathedral, I shall not detain you at any great 
length. The first bishop is stated to have been Dubritius, who died in 
522, on an island off the Caernarvonshire coast, and whose bones were in 
1120 translated to Llandaff by Bishop Urban, the founder of the present 
cathedral, 

Urban was consecrated the thirtieth bishop of Llandaff in 1108; and to 
him all concede the honour of having founded the present cathedral. At 
his first coming, he found his bishopric in a very poor and miserable condi- 
tion,—the church razed almost to the ground; and complaining thereof to 
the King and the Pope in 1119, he procured letters and gathered large sums 
together; he pulled down the old church, which was but 28 feet long, 15 
feet broad, and 20 feet high ; and in 1120, according to Leland and 
—or in 1129, as stated by Dugdale,—he commenced the fabric dedicated te 
St. Peter and St. Paul. Bishop Godwin (who wrote in 1601) describes this 
building as “a very elegant one, 300 feet long, 80 feet broad, and adorned 
at the west end with two stately towers of great height, and a neat chapel 
of our Ladye: a work truly magnificent, and to be remembered with honour 
by posterity.” Urban died in 1133, whilst travelling towards Rome. From 
this period to the beginning of the last century there is no further record of 
any kind that I can find relating to the cathedral, and here conjecture must 
commence, , 

If Bishop Godwin be correct in supposing the churcl commenced by 
Urban to have been completed by him with two towers and a Ladye chapel, 
and to have been 300 feet Jong, it must have disappeared between the period 
of his death (1133), and 1180 or 1190, which will, I think, be conceded as 
the earliest date at which the present Early Bnglish structure could have 
been commenced. The extreme length of the present building is only 260 
feet, and its breadth 76 feet. Of pure Norman work, such as we may be- 
lieve Urban to have executed in the beginning of the twelfth century, we 
only have the large arch between the presbytery and Ladye chapel; the re- 
maining portion of a window on the south side of the presbytery, 80 curiously 
Sued ws at a later period; portions of a Norman string-course, with a 
fret ornament, running round the walls of the presbytery (being the string- 
course of the Norman clerestory); a variety of Norman fragments walled 
into the presbytery; and the two doors at the west end of the north and 
south aisles, which, though later in their detail and finish than the large 
arch, may fairly be considered as of Urban’s time, particularly if he com- 
menced at the east end and worked westward toward these doors, 

The size of the chancel arch, and the importance and decoration of the aisle 
doors, clearly prove that they could have formed no portion of the early and 
insignificant church knocked about by the Normans, and eventually demo- 
lished by Urban; for although the ion of doorways and chancel 
arches of Norman churches, rebuilt in the thirteenth and fourteenth cen- 
turies, is of frequent occurrence, yet in this instance I think they must have 
originated with Urban and not have been removed or per, him, 

he character and finish of the large arch at the east end of the presbytery, 
cleaily proves that it must have opened into a chancel or Ladye chapel: and 
thus we may believe Urban so far to have realised Godwin’s description as 
to have completed, “‘a neat chapel of our Ladye.” And the existence of 
pure Norman work, so far westward as the two aisle doors, may be taken as 
presumptive evidence that Urban completed “ a work truly magnificent, and 
to be remembered with honour by posterity,” even if his western towers 
were fabulous. Certainly these doorways are of rich and beautiful design, 
and the general character of all the Norman work remaining is of a pure 
and good period, corres; with Urban’s prelacy. What befel this 
Norman church, or how it could have been so completely destroyed in the 
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English in Sn ew of this alteration or portion of the 
work, I can no ede actdy yan eregaaityeeraleegarn eal 
* The “ decorated” altar-screen is stated, in Browne Willis’s, and 
| other histories of the cathedral, to have been erected by a Bishop 
who was consecrated in 1478; but as the detail is pure i 
must have been completed, in all probability, 100 years before this time. I 
have little doubt but that the piers and arches of the presbytery and this screen 
were erected at the same time, or by the same architect—an opinion which 
is confirmed by the fact of the base moulding on the south side being raised 
considerably above the opposite pier on the north side, and correspondin; 
exactly with the level of the base of screen and the base of the sedile whic 
it immediately adjoins. The decoration and enrichment of this screen i 
buted to Bishop Marshall, have, no doubt, reference to the painting and 
gilding upon it, “There are eleven niches in'the principal level, ited 
4 should more properly have been called “ Early Welch.” If this is | With roses and hyacinths interchangeably.” The centres of the roses and 
allowed, I am unable to believe that any antiquary can assign an earlier date | flowers of the hyacinths are gilt. The roses are white (which quite identi- 
west front and nave of this cathedral; for though | fies the decoration with Bishop Marshall),—the white rose being the device 
ix with peremptory certain® the exact date | of the house of York, used for decoration only in the reign of Edward 1V, 
of art ended and another commenced, yet | and Richard I[l. Bishop Marshall having beep preferred to this diocese by 
the pointed arch first made its appearance | Edward 1V., the adoption of his badge was a natural and proper compliment. 
rman semicircle, years elapsed before the | ‘ Under these eleven niches is a row of eight niches, painted in freseo, ex- 
newer style or form had shaken off the influence of its predecessor. actly like the former, Ateach end of these are three real niches painted 


-_ We find in numerous instances, as at Gloucest f in the same manner; within these are two little ones, with a pilaster be- 
Church, and BE David's Cathedtale rel this trantitional feelney pohreyod tween; the ground-work throughout is interchangeably blue and red, and 
full y, that. the Norman preponderated—although the portions 1 | the ornaments over al] the niches are gilt. At each end is a door leading 
illude to are well known to date about the end of the twelfth century, You | into a vestry.” Thus far I can confirm, from the remains of this screen, the 
‘Pill. Uthink, share my disbelief in the theory that the pure and pointed | ‘scription given by Browne Willis. He then proceeds to say-—" Above the 
work at Llandaff could have been commenced sixty or seventy years before altar-piece are two rows of large niches, in which formerly there have been 
the No arch had elsewhere ceased to prevail. In Buildwas Abbey figures. In both rows the middlemost niche is larger than the rest; and on 
ich is‘one of the earliest transition works I know (the date of which is each side are two lesser ones. The two largest niches probably contained 
on 0 to be abont 1135), the indication of Early English form or feeling is | th images of our Lord and the blessed Virgin, and the othertwelve were 
‘very slight. In the section of one of the bays of the nave of St. David's | fr the twelve Apostles. Under the two large niches are the ten comimand- 
Cathedral, built in 1180, you fitld the only Early English work consists of a | ™ents, writien with gold letters, within a frame, and over all is a handsome 
all arcade, hetween two series of ‘cleerly-de@nen man arches!—cer- | freestone window.” Unfortunately, the destruction of this upper portion of 
‘tainly not a very convincing proof that Early English work was in existence | tbe screen has been complete (doubtless the work of puritan or political 
in*the sister cathedral of South Wales sixty years before this work was com- | fnaticism). Nothing remains above this line, but we have found walled 
menced. 


into the various portions of the structure fragments of corbels, canopies, and 
«Henry (prior of Abergavenny) was consecrated bishop of Llandaff in 1191, | buttresses, which evidently, from their size and form of moulding, belonged 

and died in 1218. He may, with at least as much probability as belongs to | * this screen. . - 
some antiquaridn assertions, be supposed, if not actually to have recom- From the period when Godwin described Urban’s church to have been 
menced the erection of his cathedral in the new style of his day, at least to | Complete, of certain dimensions, and a work truly magnificent,” there is no 
have promoted works, the character and Period of which are so evidently | 0tice of the cathedral until 1719, when Browne Willis, an antiquary of that 
wih with his twenty-seven years of power. . day, as he says, “collected together various records and matter, and gave 
The lower portions of the north tower, and all the remaining part of the | With his work certain drangbts of the said church, in order to illustrate the 
south tower, the nave, and clerestory remaining, are all of the same pure | descriptions thereof.” These draughts, as you may imagine, are not very 
Barly English character, In the columns and arches of the nave and | Clear in their distinctions of style, or in the best possible perspective, but 
choir a slight variety of arrangement occurs without deviating from the | they are most valuable as helping the description, as being the only records 
| style: somewhat more ornament is introduced, and by the time they reached | We have of what the old cathedral was (before lightning, storms, and Wood 
the Ladye chapel, the gradation of style becomes apparent; and with a | f Bath played such havoc with it) ; and, Consequently, as being our princi- 
: view to give increpsed richness to this more sacred portion of the building, | Pa! guide and authority in the restoration. It was then falling into a state 
or from the more “decorated” fashion of the day, when they arrived thus | Of deplorable decay, though perfect in its internal arrangements. There 
| far east, vaulting is introduced, mullions and circies are executed in the side | Wa8 a large reve 5 in front of the south Norman doorway, which he calls 
i windows, and in the easternmost window tracery becomes apparent, until it | the ‘Consistory Court ;” and a porch opposite the “ decorated” south 
almost assumes the character of a“ decorated” window.* rye rie bye ewer erga“ have disappeared, and I should much doubt 

In the two bay» of the tery-e fault . ‘ if they formed any portion of the original design, 
occurs, which it me dificult As pid soda cinyr wane ses gehen. rhea Soon after Browne Willis'’s survey, destruction had full sway. On the 
Inter and more depressed form than those in the nave and choir, and from 20th of November, 1720, the remaining battlements and pinnacles of the 
their form and detail are of a later date than the Ladye chapel.’ Whether north tower (which had escaped the storm of 1703) were blown down, and 
‘this: portion of Urban’s work may have remained uninjured and undisturbed destroyed a considerable portion of the north aisle, On the 6th of February, 
until after the completion of the Ladye chapel, when they may bave thoughy 1722, the “ roof and floor of the South tower fell in, and destroyed a good 
it necessary to assimilate the Norman piers and arches more closely to their deal of the church. The complete ruin of this old structure must have fol- 
» pointed neighbours, or whether some injury took place to this part of the lowed very rapidly on Willis’s visit ; and in 1724 we find the Archbishop of 
cathedral, which rendered rebuilding necessary at a later period, I have no Canterbury interesting himself in its proposed rebuilding ({ cannot say re- 
means of determining, but it is curious that in this portion of the building storation), He obtained 1,000/, from George 1,, and, like our bishop of the 
we find more Norman remains than elsewhere, There still exists the Nor. | Present day, tried in vain to get any thing from the Prince of;Wales, Suffi- 
man string-course in its original bed, with a sort of “ embattled fret” carved | ‘cient funds were, however, eventually raised to erect the frightful sheil 
ms it, pasnltg stun the three sides of the presbytery : we find plinths dew Gee ee piers sacri shilnltie ali baiascia 
portions lindrical shafts, whi: ve '» |, commen ie desecration o} 8 find o| 

he fats hatte, which may have formed (as at Norwich) work, and of his own prior fame: for most assuredly a more barbarous or 


res! ul 
bytery : there is the large Norman arch tasteless grafting of uncongenial modernism upon an ancient stem was never 


remains of a Norman window, so unceremo- 
y blocked up by the Early English archi perpetrated ; and never was the sarcasm of the historian Whitaker more 
P by Fe uensh architect who built against it; and justly deserved than in this instance, He says—" The cloven foot will ap- 


the h masonry of the walls of this find |. 
roug ry part we find walled-up numerous pear! for modern architects have an incirable Propensity to mix their own 


~ fragments of Norman mouldings and ornaments. One might almost ; 
of Urban's original cathedral to heve once ed the cant onto: absurd and unauthorized fancies with the genuine models of antiquity! They 


i attribute to the rest of his building, and to have been preserved intact 
by the | Early E = esareneed pee At some later period, for 
's sake, or ay, we can ine these arches to have bee: 
‘constructed or remodelled, leaving, as I believe they did, the Nomar cacy, | €¥idence that he had tried to-do na such 
‘tory undisturbed. The even now remains; and in the view kavien meat. be inferred from the accompanying letter, which I find copied 


7 otis front by Godwin, In 1713 (when it was almost perfect S.” in the British Museum, It is written by a Rev. Thos. 
Pe north _Ravies to Browne Wills, who Appears still to have taken much interest in 


Teron aint, a8 far. “tn celled ' 
 beyon w choir, looks ' 






















Boa m the affinity of England to Wales, where our ancestors 
, if not as absolute conquerors, yet as authorised visitors, we may 
fairly believe architecture to have been almost on a level in point of date, 
‘we can have no reason for imagining that the Welch were some 70 or 80 
ears in advance of the English in the periods of their architecture, or that 
be change from the circular to the pointed arch, by us called “ Early Eng- 












































































































































































































































e few years ago. 

some uiskop’s throne, the pulpit, and stalls consist of an Tonic colonnade, 
with niches at the back; still exist in their pristine and 
recommend them to any architect about to 
build assize courts; the pulpit and throne would form admirable judge's 

eats, and the stalls a most di row of seats for the magistracy. 
1 do not imagine that much was done to Mr. Wood's structure until 1840, 
when the plaster ceiling and lead over the nave being in a very bad and un- 
weathertight condition, a considerable sum was expended in repairing and 


alin, as it then existed. 
so Fe tae hioty Atte tathabesl, A very few words will describe 


its condition when the present restorations were commenced. 
—————————————E=—= 


REGISTER OF NEW PATENTS. 


PRESERVING AND COLOURING WOOD. 


Franoors Avaustin Renakp, of 40, Rue du Rocher, Paris, mer- 
chant, for “ Zm nts in 7, and colouring wood.” — 
Granted August 19, 1847 ; Enrolled February 19, 1848, 


This invention consists in a mode of constructing apparatus in 
which a vacuum can be produced, after the same has been applied 
to one end of a log of wood; so that a preserving or colouring 
liquid, contained in a suitable vessel or receptacle at the other 
end, will be caused, by atmospheric pressure, to pass through the 
log in the longitudinal direction of the fibres. 

The annexed engraving is a side elevation of the apparatus em- 
ployed. a is a metal cylinder, provided with a top-piece », from 
which is suspended a rod, with a piece of perforated metal or wire 





gauze attached to its lower end. o is a metal disc, fixed to the 
papier’ 4, having an opening at its centre, communicating with 
tl 





















e interior of the cylinder ; and between this disc and the end of 
the log of wood p, a narrow leather washer , is eis be te so that 
there will be a small space left between the log and the disc. The 
position of the ‘log upon the frame 1, is to be adjusted by the chain 
and the screw ¢ ; F is a collar, placed around the log of wood, hav- 
ing a chaimattached to it, and by which the wood may be moved 
to and fro, as required, upon the loud 1, by means of the screw @ : 
in turning the screw, by means of the lever, the chain will act upon 
the collar r, either to bring the block nearer or remove it farther 
away, as may be required. The other end of the log is enclosed 
in a bag u, of impermeable material, which is coi to the 
cock of a vessel 1, containing the preserving or colouring liquid. 
Now if a vacuum be produced in the-cylinder a, the pressure of the 
atmosphere wer the surface of the liquid in the vessel 1, will force 
it thi e log. The vacuum may be obtained by vad con- 
venient method; but the patentee prefers to produce it by dipping 
the wire gauze, carried by the rod of the top-piece B, into some in- 
flammable matter i as alcohol), and incroluding t in an ignited 
state intu the age 4; the air will then esca through the 
Sts, ow is as cnet: i cence ee toa nob heals | 

soon as the required vacuum ‘as indicated by a small 
barometer interior of linder 














to contain the preserving or colouring liquid, the whole of the | 
log is therein, excepting the end to which the metal disc 
is applied. 


REFINING SILVER AND LEAD. st 
Arrnur Harry cuties, of Gresham-street, City, assayer, for 


“ Improvements in refining and lead, by effecting a in one 
of the materials used."—Granted September 23, str: Harolled 
March 23, 1848. 


The improvements consist in restoring after use, and rendering 
again available, the phosphate of lime or bone-ash, whereof the 
cupel or test used by refiners of silver lead is com and in the 
process saturated with lead, and a portion of silver. For extract- 
ing this lead and silver, the course usually adopted is to return the 
used cupel to the furnace, by which means the whole of the satu- 
rated bone-ash is destroyed ; while portions of the lead and silver, 
combining with the phosphoric acid of the bone, pass off, and are 
lost. By the improved method, little or no waste occurs of either 
the bone-ash, silver, or lead. 

To carry out the invention, a solvent of the oxide of lead is used 
in the following manner :—First reduce the used cupel to a fine 
powder ; then add a sufficient quantity of pyroligneous or acetic 
acid, varying from 1-009 to 1°048 specific gravity, ing to the 
per-centage of lead contained, to render it of a thin con ce, 
that it may be thoroughly stirred in a dolly-tub, or some such con- 
venient machine, or by allowing the acid to percolate through the 
powdered test, After ine, the powdered cupel and acid to 
remain together for two days (during which time occasionally stir 
them well together), the bulk of the lead becomes dissolved. The 
mixture is next put into cloth or flannel filters, or other percola~ 
tors, to allow the lead solution to drain off ; this done, remove the 
remaining soluble salt of lead, by washing it with water and bythe 
application of pressure, previous to ae | the resulting bone-ash. 

After the above process, the silver, and some lead, still remain 
in the bone-ash, though not sufficient lead to materially interfere 
with its absorbent powers, on in using, rovided it has been 
properly freed from the lead solution. If, however, it be wished 
to extract the lead more perfectly, add a second = of the 
acid to the filtered or drained bone-ash, and again thoroughly stir 
it in this second acid—the washing and ing, as before described, 
following this second operation. To bees the lead, contained in 
the solution, into a marketable form, after due saturation, either 
simply evaporate it in proper pans to make of lead, or by 
means of the several re-agents commonly employed, form respec- 
tively the carbonate, the sulphate, the sulphuret, or other com- 
a oer, rligaet ; eae Sckensa of h may be 

of pyroligneous a solution of caustic potash may 
used, or soda, containing about 20 cent. of the pure alkali ; 
but this has not been found so useful ty peathicn: 


GAS STOVE. 4 
Wu1am Brooxxnon, of Devonshire-street, Queen-square, Mid- 
dlesex, for “ J, in heating rooms or apartments.’ —Granted 


mpropements 

September 9, 1847; Enrolled March 9, 1848, 

This invention relates to heating rooms with gas. It consists 
in so constructing stoves or fire-p which are open in front 
that gas may be burned therein, and the decomposed air and pr¢ 
ducts of combustion pass into chimneys, as from open fire- 
or stoves when ing coal, The stove or fire-place may be con- 
structed as nearly as may be like those now used with open fire- 
bars, and may have a nochemagene similar to what are used for 
burning coal, and they may be to fit the fire-places as at 
sent constructed, or the stoves and fire-places may be 
varied in design, so long as the stoves or fire-places are ie 
ene gre in-epepen dee-slnregenenniey of i with a chimney 

In order to give a gas stove constructed according ; 
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as the pipe itself, and as the means used for closing or stop- 
etapa i nay can naples or Ns water 
passage, leakage is impossible. Srd. It will be seen by fig. 2, if the 
vulcanised india-rubber tube be y flattened the 
sound, 4th. These cocks are of standing any pressure, as 



































e stove 
may be placed in a wire or 
to or amidst the flames of gas where 
is not otherwise ada to re- 

tive such substances; and in some cases the front of the 
stove or grate are made hollow, so as to allow gas to pass from a 
‘supply-pipe into them, and thence to pass out through perforations 
‘80 as to produce numerous small flames which may be partly in- 
ward towards the pumice-stone, so as to heat the same, and other 
may be outwards through between the front bars of the 

stove or and the front bars in place of being, simply across 
the fire-place may be made into any fanciful form, such as basket 
work or otherwise, to hold the pumice-stone, or other substances. 
Or in place of having the front bars or open grating hollow and 
perforated to produce numerous jets of the jets of gas may be 
Sonn or ially from the bottom or the back or sides of the 
open fire-place or stove. And it should be understood that it is 
essential to this invention that the apparatus should be open 
to view, and also be open to a chimney or flue, so that the 
; 4 in burning may give heat to the room or apartment without 
decomposed air and products of combustion caused thereby 

___ ¢oming into the room or apartment, and at the backs and sides of 
_ such stoves or fire-places, bright steel, lass, china, or other re- 
_ flectors, may. with advantage, be placed. Se is not essential to this 
~ invention that the open gas fire-place should have a receptable for 
the pumice-stone or incombustible substances, as the same may be 
dispensed with, but it is preferred to have an arrangement for re- 
ceiving such substances, as — the cheerful character of the 
old English fireside is retained. And the inventor believes that 
the most elegant result may be obtained by using jets of gas from 
front bars or grates combined with jets of gas from bars or appa~ 
ratus at bottom, so arranged that air may (as is now the case when 
burning coal) pass up between the bottom, the lower burs in such 





the elastic material of which the cock is composed never can be- 
come injured by pressure, as long as the metallic casing which sur- 
rounds the flexible tube remains perfect. 


—_ 


SEPARATING IRON FROM ORE, 


Arrnur Waxt, of India-row, East India-road, Middlesex, for 
“a new or improved apparatus for a method of separating oxides from 
their compounds and each other.’—Granted October 14, 1847; En- 
rolled April 14, 1848, 

The apparatus is for separating iron from the ores of copper, &e., 
and consists of two hexagonal ‘drums with an endless chain pass- 
ing over them, made by connecting with links a number of horse- 


case onsen 3 the pumice-stone or other substance, for by such | shoe ets ; on the extremities of each of the magnets a number 
means, by comparative small ee of gas, the appearance | of steel blades are so fixed as to stand out at right angles to the 
of a large flaming fire may be produ magnets. These drums are made to revolve over a trough in such 


a position that while the chain of magnets passes immediately 
above the trough the steel blades reach nearly to the bottom; the 
bottom of the trough being inclined at each end, so as to corre- 
spond with the direction of the blades. The ore peevouny 
roasted and ground) being introduced at one end of this troug! 
the blades, as they pass through it, will take up all the iron con- 
tained in it and carry it to the other end; and, indi would 
bring it all back again in the next revolution but for the fo lowing 
arrangement. Opposite the point where the blades emerge from 
the trough, a set of magnets are fixed to a frame with their poles 
in the reverse order to those forming the chain, so that when the 
steel blades come opposite these fixed magnets, their magnetism 
is neutralised, and the iron which they had collected in the trough 
falls off, and is collected in another tro placed beneath to re- 
ceive it. The patentee does not confine himself to the permanent 
magnets, but he claims also the use of electro-magnets, though he 
prefers to use the former as being more convenient. 


— 


JENNINGS'S PATENT INDIA-RUBBER TUBE COCKS, 


This improved cock is made by placing a flexible india-rubber 
tube of any required size within one of metal, as shown in fig, 1 ; 


Puare-Grass.—Patented October 7, 1847, by James Harriey, 
of Sunderland. The improvements relate to the manufacture of 
rough plate-glass immediately prior to the pouring of the melted 
glass or metal upon the table, and rolling.—Instead of 1 the 
melted metal into a separate cistern as usual, the patentee it 
direct from the pale ee to the pouring-table, where it is im- 
roars Bea and rolled. The yesecione employs, for the pur- 

of lading the melted metal, should the quantity 
two or more ladles ; and he states, it is not absolu ly neces- 
sary that the whole should be poured at the same moment upon 
the table; but the second ladle May commence to be po at 
nearly the termination of the pouring of the first ladle. “After the 
manufacture of the rough pla they are to be piled and annealed 
in the same kind of furnace and in the same manner as crown or 





Fig. 1. 


inf then by mechanical means to flatten the flexible tube, as shown 
, . 2. 


The advantages which the patgntee states ie cok eoeemne 
‘any at present in use are—Iist. The ease with which it can be 


all or shut, and the means used for that purpose 
coro it cannot set fast by corrosion or become in. 
red by frequent use. 2nd. When open it is part of the main or 
i shown in fig. 1, and presents same unifterrupted pas- 


thus dispensi ith the i 
#! med qapening Ps nad expensive annealing 
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de ah it ee AN EER 


PO ROP hs <alaioak neem mob ember 2 she ake romeo Nb 
: ‘a dk be fired in the same kiln simultaneously : that is to ; 
|» PORCELAIN KILN. | Sovoniain ae 






vie ; be baked or fired in the lower 
s» Vincent Newron, of the Office for Patents, 66, Chan- 
Ae cnataedl: acctanical draughtsman, for ta Saber’ 
of an improved kiln or oven, for firi A ators other similar ware. 
G communication.)—Granted . 0, * 1847; Enrolled January roof, be more advantageously em 
, 1848. [Reported in Newton's J manner :—In’ the. biscuit kiln, heretofore 





The inventor, in order to explain more fully the nature of his | earthenware, or unglazed tender porcelain, may be 0 
improvements, has prefaced his specification with the following ob- | in the lower Ee arena while hard pedladens : 
servations, explanatory of the ordinary mode of firing or baking | heated in the upper laboratory ; and. in the other kiln, 
hard porcelain, and the difficulties and poten incident thereto. | used for glazing, the hard porcelain should, on the 
The englerness of pit-coal as a fuel for or b hard | placed in the lower laboratory, to be baked or fired; arid , 
i hitherto been thought impossible, or at least subject Helph, or earthenware, or tender porcelain, may be <<. i 
to almost insuperable difficulties. It was thought that the hard- | jn the w per laboratory,—the heat in which will be found La 
ness and infusibility of the flay Acealin), and. the high degree of | for this kind of ware. “0 
heat ry to fuse or melt the glaze which is employed tocover | ‘The kilns being furnished with the required quantity -of fire- 
hard ponotiain, were insurmountable obstacles. A long and suffi- places, the combustion must be kept up, b supplying an excess or: 
ciently large or extensive flame to this Li the whole space of the | saperabundance of air, obtained either hen the*external atmo- 
oven or kiln is indispensable for this kind of manufacture ; and | sphere or from the workshop, and supplied in some convenient and 
the liability of the matters composing the hard penne to become | suitable manner, depending of course upon the situation of the” 
Gisceioaned, rendered this superabundance of flame the more ne- kilns, their peculiar construction, and other circumstances. The» 
cessary, in order that no smoke might be allowed to remain in the | ls their ps gradually supplied with fuel, at first at long inter-» 
- kiln or oven, It is requisite, therefore, to cause pit-coal to develope vals, then at short intervals. The state of the fire-place should be 
such ‘an amount of flame as would have the same effect, and would | jooked to carefully, for it is the rapidity of the combustion of the” 
act within a given time in the same manner as wood. Ste coal which indicates the quantity of fuel that is required, and the — 
The matters of which hard porcelain is composed, are divided | joment when the charges are to be thrown on rT . The fire- 
into two classes,—first, the paste or clay, which is a principal ele- places must be well watched, for the purpose of levelling the fuel, — 
ment ; and second, the  Filasing wor enamelled covering. The paste | §o that the fire-bars may be suitably and evenly covered, and that 
or clay consists essentially of two elements ; the one is an infusible | air to support combustion may always find a proper passage. It is 
argillaceous matter,—this is kaolin, either alone or mixed with | also necessary to rake the fire frequently, in to clear out the” 
plastic clay, or with magnesite,—the other, arid and infusible, is | cinders, and to prevent the fire-bars from getting foul, and to re- ~ 
given by felspar or other stony minerals, such as sikiceous sand, | move clinkers t erefrom, which would otherwise stop or diminish 
chalk, or gypsum, either paperetely or mixed togetper in different | the combustion. Holes through the mass of fuel should never be 
combinations. The enamel or glaze consists of quartzoze felspar, allowed to exist, and the flame should always be well watched ;* 
sometimes alone and sometimes in combination with gypsum, but | and the baking or firing operation always be carried on with a long 
always without either lead or tin. Hard porcelain must, in fact, flame. All these precautions are necessary, in order to obtain very ©” 
be considered as hard compact impermeable pottery-ware, which is pure and white porcelain, as the defects of the firing ; 
essentially translucid, and ought not to be confounded either with arise most frequently from the want of a proper flame. " 
stone-ware, delph-ware, pipe-clay, or even with the ordinary tender Fig. 1 represents a transverse wextiuak: section, taken through » 
English porcelain. The kilns ‘or ovens for firing or baking hard | the centre of a kiln of the improved construction; and fig. 2 is # 
porcelain are generally cylindrical, and divided into two chambers 
or laboratories, one placed above the other. The nea laboratory 
is supplied with heat from the flame of the lower ratory, and 
serves to warm or heat the articles, which, when taken from thence, 
are dipped into the glazing composition, and afterwards exposed 
to the great heat in the lower laboratory, which may be properly 
said to constitute the kiln, The fusion of the glaze or enamel, as 
is above said, requires a very high temperature ; and it is in the 
laboratory where this operation is carried on that the temperature 
is raised to the highest degree. In both these laboratories the 
articles must be inclosed in fire-clay vessels or seg; which 
should be carefully closed, in order to prevent the admission of 
deleterious matters. The necessary amount of flame and heat may 
be obtained by increasing the number of fire-grates and openin; 
for the flame: thus a kiln or oven, six yards in diameter, whic " 
when heated with wood, requires six openings, must have ten when 
pit-coal is employed. A kiln or oven, five yards in diameter, would 
uire only ve fire-grates for wood, but’ must be furnished with 
eight for coal. A kiln or oven, four yards in diameter, heated by 
wood, would require four fire-grates and apertures for wood, but 
must have six Tor coal. In order to make the flame sufficiently 
long and abundant for the requirements of the manufacture, the 
combustion ought to be supplied with a double dra‘ 




















































































































































f or additional 
currents of air. Thus, besides the supply furnished between the 
fire-bars from the surrounding atmosphere in the workshop, air 
obtained from outside is conducted by horizontal channels to the 
fire: that is to say, besides the ordinary supply of air, an additional 
quantity, obtained from the ex atmosphere, is made to act 
with carer on the fires in the grates, By this means, the kiln is 


horizontal section or plan of the same. a is the outer chimney or — 
5 flue of the upper laboratory ; b is an upper chamber, w! 

supplied with a very large and superabundant supply of air, which r 

furnishes th 

pose, 


aig an roof (shown by dotted — 
‘ing or rryry team wo orn 
the fuel with a much greater quantity of gas to decom- ines) - ill be required fire both 
The engrav: represent A kiln or oven, constructed according to” 
the prostat inintore Mit should Ue observed, that it is 


if it is intended to bake or 
: kiln; dis the fiue of the: 
Sy sok Pg one), be papery. erg 
a of the Seckahon, ahr y having an aperture 
ie or openings below 


Mf maybe applied to all | 








Fig. 1.—Section, Fig. 2.—Plan 



















































‘air to the fire: this object , however, be 
in the front wall of the fire-place, 
box and grate-bars, nn, is the floor or 
rth of the kiln. 0 0, are holes, covered oe fon tg man- 
, but communicating with the ash-pit, an 
cinders, and clinkers being removed. pp, in fig. 2, 
r manner of supplying air to the fire-places, by making 
‘in the side walls Hy re tay q Tepresents sanieer mode, 
air is supplied from the atmosphere of the workshop 
a grating communicating with the ash-pit. The inventor 
that, whatever may be the mode adopted for supplying 
air to the fire, the same plan should be invariably adopted in 
the laces of the same kiln. 

The in conclusion, states that he is aware of coal hay- 
been used for hi the kilns in which common earthen or 
h-ware, and even English porcelain is@ommonly baked 

or ;—he does not, therefore. intend to claim the employment 
of pit-coal for such purposes as constituting part of the present 
__ improvements ; but he claims, First,—the application of coal for 

ay socee) em kilns or ovens in which hard porcelain is submitted to 
the baking or firing operation ; and, Secondly,—the arrangement 
“or construction of kilns or ovens, as herein shown and described, 
or any mere modification thereof, whereby pit-coal may be employed 
as the fuel for heating such kilns or ovens for firing or baking hard 
a in the place of wood, which has heretofore been employed 

that purpose. ; 
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ON GEOLOGICAL CHEMISTRY. 


A lecture on “ The Application of Chemical Principles to the Science 
of De Professor pier —a Lawn at the Royal 
Institution, Albemarle-street, March 24th.) 


The Professor commenced his lecture with some preli:ninary ob- 
servations, in which he said, he had for the last twelve months de- 
voted his leisure to the accumulation and study of facts in relation 
to voleanic forces ; and having, in this pursuit, travelled a good 
deal along the great boundary line dividing the two kingdoms of 
geology and chemistry, he had obtained glimpses of truths, which 
neither the pure chemist, nor the pure geologist might have had 
the same opportunities of observing—the result being, his entire 
aequiesence in the opinions of some of the greatest authorities of 
the present day, that geological inquiries mans in future, to take 
_ more exclusively a chemical direction. The learned professor 
then proceeded to allude to a subject of geological inquiry, which 
seemed to hini above all others to demand the assistance of the 
chemist—namely, the metamorphic action which had taken place 
between certain contiguous but dissimilar rocks—the one of erup- 
tive, the other of sedimentary origin. A large amount of infor- 
mation had been collected by geologists, in respect to different 
kinds of metamorphic action, and their effects; but as to the man- 
ner in which these effects were produced, they would look in vain, 

the chemist also were appealed to. One thing appeared to 
be established—namely, that the production of mineral veins jas 
connected with the intrusion o} patel rocks, and with the 
changes ste oe about by them in the contiguous strata. 

: Few metallic pets occurred in the secondary formations, and 
| __ even these only when there was dislocation or metamorphic action 
) in their bourhood ; while, on the other hand, metallic veins 
were never found in modern lavas, or in volcanic products that had 
been erw in the open air, though several geologists had brought 
forward facts to prove a connection between metallic matter and 
basaltic or trappean dykes, There were various theories to ac- 
count for the formation of mineral veins—the first supposed them 
to be the result of infiltration, the water which percolated the 

substance of the contiguous rocks car ing with it the several 

- mineral matters they contained, and afterwards depositing them 
upon the walls of fissures caused by the contraction of "the sur- 
parts ; the second sup the materials of the vein to 

have been held in solution by water, but deposited in an insoluble 
form, eye to slow electro-chemical action ; the third hypothesis 

- assumed, that the contents of the vei being aoparghal am the 
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other materials by sublimation, found their wa into fissures, 
7 either in other of it, or in the pt ime forma- 
. No doubt many might be alleged in favour of each 


In the first granting ven rock con- 


aig 
the action of water and air, by 





intended to allow of 










| : 
gradually give rise to soluble 
» raha pag ns 
where, owing , the metals 
would be deposited in an insoluble form. Decom : 
brought about by weak electrical currents; and thus the second 
hypothesis might be brought in to explain what was left unac- 
counted for by the first. But both presupposed the existence of 
metallic matter in the rock from which the veinstone was derived, 
for it was evident that these several m s could not be present, 
in the requisite quantity, in strata deposited from water, or 
our mineral springs would contain traces of them, just as they did 
of the silica and other substances supplied by the rock thro 
which they hud been percolated. He could not, therefore, help 
supposing, that the mineral matters, which had been confined to 
the neighbourhood of plutonic rocks, were, in the first, instance, 
derived by igneous agency, which constituted the machinery b: 
means of which the more uncommon metals were brought origh 
nally from the depths to the surface of the earth. It was re- 
markable, however, that they were not confined to the intrusive 
vock itself, but, in many instances, were in the metamorphic strata 
contiguous. There was, also, evidently a connection between the 
metallic matter in the vein and the character of the enveloping 
rock, seemingly showing, that the ingredients of the former were 
not sublimed directly from the interior of the globe, but had been * 
introduced from the formation in contact with the vein. Thus 
Fournet had stated, that at Andreasburg, in the Hartz, the veins 
became poorer in metal when they — from the clay-slate for- 
mation into the flinty-slate; and Voltz mentioned a vein in the 
Vosges which, in traversing successively: different varieties of 
gneiss, had its contents modified in each. Thus, in the first va- 
riety, which was charged with mica, the vein was small in its di- 
mensions, and wholly destitute of metal; in the second, which 
had more of the character of clay-slate, it swelled out to a width 
of 18 inches, and contained silver, combined with antimony, 
copper, &c., together with sulphate of barytes; in the third, 
which contained hornblende, the former were wanting, but the 
last-mentioned ingredient continued ; while, in the fourth, which 
was wholly destitute of mica, the silver returned for a certain 
distance down, but was afterwards replaced by selenite, galena, and 
sulphur, in small quantities, Sir H. de Ja Beche mentioned 
similar cases in Cornwall; and the frequency of their appearance 
compelled the admission, that the materials of the vein were, in 
many instances at least, dependent upon the character of ‘the 
rock which it traversed ; so that, supposing them derived origi- 
nally from the same igneous source, a process of segregation had 
subsequently taken place, by which particular bodies were deter- 
mined to certain kinds of rock, to the abandonment of others. 
In order to pave the way to a solution of these and other diffi- 
culties, he submitted two questions—the first, whether igneous 
rocks did not contain, disseminated through their substance, mi- 
nute and, probably, infinitesimal quantities of many of those rarer 
bodies, which were found collected together in mineral veins >— 
and the second, whether all these substances might not possess a 
certain amount of volatility, at temperatures below their freezing 
gant and thus become transported from place to place, at periods 
ong subsequent to that at which they were originally evolved 
from the interior of the earth, in a state of admixture with other 
more abundant ingredient? In adopting the affirmative, with re- 
ference to the former of these questions, it was not necessary to 
go so far as to assume, that every basaltic dyke, or even every 
great volcanic formation, contained, as an integral part, minute 
quantities of all the metals that existed in nature—for, consi 
how infinitely small was the proportion which they bore to the en- 
tire bulk of the crystalline igneous rocks, their absence could not 
be safely inferred from the fret of their not having been disco- 
vered. The facts which inclined him to suspect that they might 
exist, were the circumstances—first, that the disco very of phos- 
phoric acid, in so large a number of volcanic roducts, led to the 
conclusion, that this body, ast, was derived from volcanic 
emanation, and, by analogy, that metals were also so derived 3 8e- 
condly, the observation made by Henry ; 
eryetalline rock traces of 
sulphureti drogen—thus 
equally delicate test for the chat tana 
certained to be present ; toen thirdly, 
i amo. 




























































































































































all substances, i 
nated throughout the latter, and, where fissures 
and contribute to fill them. For this purpose, however, the 
must be long continued, as well as of a certain intensity ; and 
whilst metallic veins were frequent in connection with 
they were entirely absent from sub-aerial lavas, owing to 
the more rapidly cooling that would take place in the latter. 
where the matter was thrown oft under the sea, or at great depths 
beneath the surface. Thus, according to this theory, the accumu- 
lation of metallic matter in veins would have arisen, not from the 
latter having been the original tacles of whatever was disen- 
ed from the interior of the globe—tor he with Prof. 
Bischof in considering that the idea of metallic, or indeed of any 
description of veins, being injected in a state of fusion from below 
as trap and granite dykes were supposed to be, was encumbered 
with insuperable difficulties—but owing to the subsequent action 
of the heat upon the erupted matter, by which the metal might 
have been slowly volatilised, and thus have found its way into the 
fissures and cavities oe when the —— of adhesive 
affinity, described by Prof. Faraday in his “ Memoir of the Limits 
of Srepeies. would come into play; and no sooner was a thin 
layer of metallic, or other body, collected along the walls of a 
cavity, than the portions subsequently sublimated would be deter- 
mined to the same me until the whole cavity was filled up. 

The learned professor also alluded to Tilgman’s discovery with 
regard to the decomposing influence of steam at high temperatures, 
which accounted for the decomposition of many rocks, and the for- 
mation of combinations between the alkalies and ‘fixed acids. 
Various facts also proved that a certain exaltation of temperature 
would favour the segregation and new combination of miner: 
though that was not essential. To influences of this kind such 
formations as that of nodules of flint in chalk had been referred, 
but he th t it more probable that the deposition of silica was. 
the result of the extraction of carbonic acid by the decomposition 
of — — a gh : . 

e, therefore, suggest: @ importance of ascertaining by more 
precise experiments what were the laws which cequaanen the va- 
risation of solids at temperatures below that at which they were 
usible. Assuming the truth of this principle, it threw considera- 
ble light upon the alterations which contiguous strata underwent 
from the intrusive rocks—for, the supposing a certain degree of 
mobility to be produced by heat, without actual fusion, would en- 
able us to understand these changes. The learned lecturer then 
ap se to discuss the difficult question of dolomisation, which 
e contended might be solved by a reference to the same princi- 
ples, aided by analogous facts known to chemists, with respect to 
carbon and other substances. The whole question, however, ap- 
pom to be open to further inquiry, both as to the degree of vo- 
tility mono by magnesia and its several combinations, its 
ower of penetrating the substance of a calcareous rock, and com- 
ining with its ingredients in atomic proportions—neither body 
being in a state of absolute fluidity—its transmissibility to great 
distances through an intervening mass of rock, and the circum- 
stances which caused it to accumulate in certain sets of beds, and 
to pass over others. Experiments should, likewise, be made as to 
the changes which augitic rocks sustain under the influence of a 
ae temperature, and as to the possible disengagement from them 
of magnesia under the circumstances supposed ; nor was chemical 
research less called into request, for the as 37 of enabling us to 
explain such phenomena as were produced by igneous causes at 
the present day, than for the elucidation of processes of higher 
antiquity. When he reflected upon the assemblage of chemical 
Phenomena which presented themselves during the several phases 
of voleanic action—the enormous and long-continued evolution of 
carbonic acid—the inexhaustible cupplice of sulphur, arising from 
its, i caused by the decomposition of sulphuretted 
) volumes of steam and muriatic acid dise: 
volcanoes 7h were ina = = No yp A sul 
a -ammoniac, &¢,, w generally accompanied 
fom cea ipa deg w, lh rk eaves th g/t Peo aere 
8p) when he saw these, an er ts 
of internal chemical action, come so prominently into view in every 
Part of the where opportunities for 
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expected from further discoveries. In the meantime, even with 
our imperfect know] of these mysterious workings, we might. 
obtain glimpses of a beautiful of compensation—of an — 
adaptation of means to an end—which struck the observer all the 
more, when it was displayed, as in this ease, in the midst of J 
terrible manifestations of irresistible og age the workings of — 
a volcanoe, or an earthquake, revealed. This was shown by the — 
useful pu performed on the surface of the globe by the 
bonic acid evolved from its interior, and was also i 
occurrence of metals in veins, and the diffusion of phosphates in 
minute quantities so generally through the strata. Had not this 
been the case, the former would not have become known to us, — 
- the latter would not have been available for the nutrition 
plants. . 

Such were a few of the facts to which he had been desirous of 
directing attention, by way of inducement to his auditory to pur- 
sue the science of geology with a frequent reference to chemical 
principles ; and he wished to impre’s upon those just pre "4 
Ee pd the study more particularly, the great truth, that in all 4 
of research, chemistry was to be regarded as the grammar to the | 
language of Nature—the key to unlock her most secret mysteries ; 
and that those who were ambitious of following in the fi of 
the great men who had adorned, and still adorn, that noble Insti- 
tution, by fathoming the depths of some one of those sciences’ 
which were there cultivated—nay, even those who, with humbler 
aspirations, were content, like himself, to snatch a mere superficial | 
glance of several—would ever find it impossible to proceed with- 
out its assistance. His own experience justified him in i 
his auditory, that whether their chief interest might chance to lie 
in physiology—vegetable or animal ; in scientific husbandry ; or in 
those cosmical phenomena which presented themselves to the 
explorer of mountainous sogreretcorenans: | would suggest at 
once the right principles for interpreting the facts observed, as 
well as the soundest practical application that admitted of being 
deduced from them. 
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THE TIDES OF THE IRISH AND ENGLISH CHANNELS. 


Report of Experiments made on the Tides in the Trish Sea; on 
the similarity of the Tidal Phenomena of the Irish and English Chan- 
nels ; and on the Importance of extending the E. round the 
Land’s End and up the English Channel. By Captain F. W. 
Berouey, R.N.—(Read at the Royal Society, March 9 and 16, 1848), 


The author commences by stating, that the set of the tides in 
the Irish Sea had always been misunderstood, owing to ti 
position to associate the turn of the stream with the 
of the water on the shore. This misapprehension, in a 
varying so much in its times of high water, could not 
duce much mischief ; and to this cause may be ascribed, 
bability, a large proportion of the wrecks in Carnarvon 
present inquiry i dispelled these errors, and fw 
with new facts. It has shown beer bprtansce 
times of high water, the turn of the stream thro 
and south channels occurs at the same hour, 
happens to coincide with the areas 6 and low w: 
ous Bay,—a place remarkable as the 
streams coming round the opposite extremities of ; 
unite. These experiments, tal ge 
Ordnance made at the nm of Professor Airy, ere 
are two in the I Sea, in one of wl 5 
with considerable rapidity without there 
the water, and in the other the water rises and. 
stream; and the same stream 
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The author enters minutely into the course of the stream, shows L " 

the point of union of the streams from the opposite channels | side of the channel of about one-third of the colusun-—the 206.2 

ces place on a line drawn from wiper 008 th Peel sine the gi pre wea et ears og site ee thirty-four feet. 

Man on to Morecombe Bay ; and concludes his remarks on e author traces a 

of the subject by odverting to the great benefit navigation | wave along the sides of both channels opposite to that of the node, 
ve from the present inquiry. He then notices a chart of 
of equal range of tide, which has been compiled partly from 
ranges ished by the Royal Society, and partly from obser- 
vations leon the present occasion ; and has annexed a table by 
the aid of which the seaman will be able to compare his soundings 
at any time of the tide with the depths marked upon the Ad- 
miralty charts. Next follows the mention of a feature in the mo- 
, of the tide-wave, which Capt. Beechey thinks has hitherto 
observation ; viz. that the upper portions of the water fall 
er than the lower,—or in other words, that ¢he half-tide level 
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about seventy-six miles per hour. Lastly, the author observes 
that the pe he hinge of Me tide, placed by Prof. Whewell (in his 
papers on the tides) in the North Sea, is situated at the same dis- 
tance nearly from the head of the tide off Dungeness, as the node 
near Swanage is on the opposite side of it; and that in the Irish 
Channel, at the same distance nearly as the node at Courtown is 
from the head of the tide off Peel, there is a similar spot of no rise 
recently observed by Capt. Robinson. Capt. Beechey’s letter was 
illustrated by charts and diagrams, showing the identity and singu- 
lar phenomena of these two great channels. 


















not coincide with the place of the water at the half-tide in- 
al ; that this difference in the Bristol Channel amounts to as 
_ much as four feet, and that the law seems to be applicable to all 
the tides of the Irish Sea. 
_ Weare next presented with a table exhibiting the various curves 
assumed by the tide-wave, and with the durations of the ebb and 
flood at each place. Having explained these observations in the 
Trish Sea, the author proceeds to apply to the tides of the English 
Channel the law which he hank to regulate the stream of the 
Trish Channel,—availing himself of the observations of Captain M, 
White and others for this purpose. There was no difficulty in 
, ting the rule in the upper part of the channel; but below the 
contraction of the strait, the apparent discordance was so great 
that nothing but a reliance on the general accuracy of the observa- 
tions prevented the inquiry being abandoned. It seemed that the 
streams are operated upon by two great forces, acting in opposition 
to each other ; viz. that there is a great offing stream setting along 
the western side of the British Isles, and flowing in opposition to 
the tides of the channel above the contraction, turning the stream 
greater or less effect as the site is near to, or remoyed from, 
ints of influence. By pursuing this idea, it was seen that 
Deiteieations in the English Channel respond to it; and then 
ing it to the warn J of the Irish Sea, and considering that 
_ channel to comprise within its limits the Bristol Channel, as the 
English Channel does the Gulf of St. Malo, it was found that the 
_ observations there also fully bear out the idea. So that there was 
is but little difficulty in tracing the course of the water, 
and bringing into order what ‘before appeared to be all confusion. 
The author then traces the great similarity of tidal phenomena of 
the two channels, and proceeds to describe them. For this pur- 
_ pose he considers the Irish Channel as extending from a line con- 
necting the Land’s End with Cape Clear to the end of its tidal 
stream, or virtual head of the tide at Peel ; and the English Chan- 
nel from a line joining the Land’s End and Ushant, to the end of 
_ its tidal stream off Dungeness. 
With these preliminary lines, he shows that both channels re- 
ceive their tides from the Atlantic, and that they each flow up until 
met by counter streams ; that from the outer limit of the nglish 
Channel to the virtual head of its tide the distance is 262 geogra- 
_ phical miles—and in the Irish Channel, from its entrance to the 
_ Virtual head of its tide, it is 265 miles. In both channels there is 





























MR. HAY’S THEORY ON SYMMETRICAL BEAUTY. 


On the Production of the Beautiful—an attempt to prove that the 
Theory advocated in the Papers read by Mr. D. R. Hay before the Society, 
Sounded on the development of the Harmonic Ratios, is fallacious, By Mr. 
Tuomas Puxpix,—(Read at the Royal Scottish Society of Arts, March 
13 and 27). 




























Pant I, 


Mr. Purvre commenced his paper by referring to the opinions of those 
philosophers of the Socratic school whose names had been used in support 
of the theory under consideration. He endeavoured to show, by quotations 
from Lord Jeffrey's “ Essay on Beauty,” and from Dr. Reid’s works, that these 
opinions were hostile to all theories of such a nature. He next adverted to 
Vitruvius, and stated that he propounded a theory of a similar character to 
that whose fallacy he had undertaken to prove. One of the diagrams used 
by Vitravias in applying his principles to practice was exhibited ; the same 
diagram being used by the author of this theory in explaining the harmonies 
of the Parthenon, He stated, however, that Vitruvius could not be con- 
sidered as an authority in regard to the principles on which styles are founded, 
having been led away by his fondness for metaphysical distinction and re- 
finement, to refer them to sources with which they had no connection. This 
statement was supported by quotations from the works of Vitruvius himself, 
from Lord Aberdeen’s “ Principles of the Beauty of Grecian Architecture,” 
and from the article Architecture in the “ Encyclopedia Britannica,” 

As the second division of his subject, Mr. Purdie referred to the labours of 
Kepler in proving the harmonies and analogies he supposed to exist through- 
out nature—to prove which, great part of his “ Mysterium Cosmographicum” 
and “ Harmonices Mundi” were written. He investigated the reason of the 
Zodiac being divided into 360 degrees. It led him into some subtle con- 
siderations in relation to the divisions of the musical scale. Mr. Hay inves. 
tigates the properties of the number 360, and his investigation seems to lead 
to a conclusion of a similar nature.—(See p. 24 of his book on Symmetrical 
Beauty). A quotation was read from one of Galileo’s Dialogues, denouncing 
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“contraction about midway ; by Cape La Hogue in the one, and | the belief i ide i 
sper] ; n f prevalent in his time as to the beauty supposed to reside in the 
hy St. David's Head in the other, and at nearly the same distance | harmonic ratios, that being the principle on which the present theory. is 
the entrance. In both cases this contraction is the commence- 





founded. He quoted a passage from Bacon, tending to show that he con- 
sidered the ideal beauty of the Greeks, and that formed by geometrical pro. 
portion, to be antagonistic. In it Bacon contrasts Albert Durer, “ who 
would make a figure by geometrical proportions,” with Apelles, “who would 
choose the best parts put of diverse faces to make one excellent.”—Numerous 
quotations were given from various authors, as to the universal prevalence,in 
the 15th century, of the “ emer rey ideas of the aptitude and congruence of 
to the peqonterunce of force exerted over it by the offing | Dumbers,” and of the absurdities to which the ‘style of reasoning from 
In cases, between the contraction and the southern | ®”4logy lead. By this, Francesco Sizzi attempted to disprove the existence 
horn of the channel there is a deep estuary (the Bristol Channel and | % Jupiter's satellites.’ A celebrated musician held that God created the 
the Gulf of St. Malo) in which the times of high water are nearly the | Wr! in six days, and rested the seventh, because there are but seven notes 
same, and where, in both, the streams, meeting in the channel, in music; and Kepler, by a similar process, explained the music of the 
pour their waters into these gulfa, and in both raise the tide to the spheres, in which Saturn and Jupiter were proved to take the bass, Mars the 
i elevation of forty-seven feet. From the Land’s End 9, eben cg vec ve “2 eee we Or auctor bert 
tothe meeting of these streams in ; 3 rd division of the subject, Mr, Purdie gave a short account of 
and in the other the same, one case is seventy-five miles, the theory advanced by Alison, advocated by Lord Jeffrey and ¢ 
In one channel, at Courtown, a little way above the contraction, aon f eee moles beg gg ala iS ge 
and at 160 miles the entrance, there is little or no rise of the D 
wok ‘er ; und in the other, about Swanage, at the same distance from 

e, there is but a small rise of tide also (five feet at 
‘both cases these spots are the node or hinge of the 






ment of the stream, the time of the movement of which is 
regulated by the vertical movement of the water at the virtual 
head of the channel ; situated in both cases 145 miles above the 
contraction, and that the actual time of this change, or Vj 
ment, is the same in both cases, Below the contraction 
of the strait, in both cases the stream varies its direction accord- 



















































fourth branch of the subject, he stated the nature of the theory 
ace eeaaideration. ent attempted to show the fallacies contained in it, 
jn all others of a similar natare which attributed beauty to proportion. 
grand principle of this theory—that by which it must stand or fall— 
appeared to be (p. 66, Symmetrical Beauty), that there exists in the 
haman mind “an universal inherent mathematical principle of harmony 
which gives a response to every development of its laws, whether in 
sound, form, or colours.” He devoted some time to the consideration of 
this faculty. His arguments went to prove, thatif such a faculty existed, 
it could be nothing else than what is commonly called instinct. To combat 
this idea, he quoted a motto from Mr. Hay’s publication on Form, itself a 

from Burke :—“ Wherever the best taste differs from the worst, 

‘am convinced that the understanding operates, and nothing else.” He 

, if the faculty by which we distinguish the musical intervals be that 
by which we become sensible of the beauty of form, the result is inevit- 
able,—that all animals, such as the mocking bird, which can distinguish 
these intervals and follow them, must be conscious of the beauty of form 
also. He stated that the only proof advanced in favour of this theory was 
drawn from analogy, because we find the harmonic ratios are necessary 
to the primary beauty of a musical chord. _ These ratios have been ap- 
plied to form, as being necessary to constitute its beauty also, He argued, 
if we are to conclude that these ratios are necessary to constitute the 
beauty of form, simply because we find they are so to the primary beauty 
of a musical chord, we must, on the same grounds, conclude they are neces- 
sary to the objects of the other senses; but that this would involve the ab- 
surdity of attempting to account, on mathematical principles, for the same 
man partaking with equal relish of things sour and sweet, salt and fresh,— 
eating pickles to his animal food one day, and currant jelly the next; for 
an European lady preferring the scent of aromatic vinegar to asafoctida, 
while some tribes of savages infinitely prefer the latter, He spoke at 
some length on what he conceived to be the unphilosophical nature of such 
a mode of establishing a theory. What is trae in regard to a theory 
founded on the science of acoustics, may be, and is indeed likely to be, 
utterly false when applied to and founded on the laws of perspective. 
A sound always reaches the ear precisely of the same pitch as it left the 
sounding body, while a form makes a different impression on the eye with 
every change of position, Thus, supposing the beauty of the Parthenon 
to depend, as asserted by the theory under consideration, on the harmony 
of the diagonals drawn within the various rectangles which can be de- 
scribed within the building, it could not in reality be beautiful at all, as 
there is no point from which all these diagonals could possibly be presented 
to the eye in their trae position. Even standing immediately in froat of 
the building, the diagonals drawn in the rectangles between the nearest 
columns would necessarily present to the retina a mach more acute angle 
with their base line than those farther removed, Take one step to the 
right hand or the left, and the angle of 75 becomes one of 76 or 77, and so 
changing with every step until the columns are seen close together, and 
every one of these angles becomes a straight line. 

Mr. Purdie followed this with some remarks tending to prove the fallacy 
of all theories which assume proportion as their basis. How could any 
such a theory account for the beauty we discover in a haman figure and in 
ahorse? Yet the principle must be the same, by our recognising beauty 
in styles of architecture so various that some of them seem to be beautiful 
from the want of qualities which some of the others possess—as the Moorish, 
the Grecian, the various kinds of Gothic, and Elizabethan; none of them 
having a single feature in common, either in their proportions or their details. 
That these differences are not confined to the different orders, but exist in 
various examples of the same order,—a drawing was exhibited of four 
specimens of Corinthian: from the Choragic monument in Athens—the 
temples of Jupiter Stator and Tonans, in Rome—and of Vesta at Tivoli ; 
all exceedingly beautifal specimens of the order, but without a single 
feature in common, either in their proportions or details. He adverted to 
the universal ment as to the fundamental principles of harmony in 
music, and the proverbial differences on the most fundamental points as to 
beauty of form—to our recognising beauty in the figure and dress of a mo- 
dern belle, and our considering it an outrage on taste to transfer the same 
costume to marble, although the same form and face be preserved. The 
origin of our feelings, be said, is here too obvious to escape notice. A 
statue lives a thousand years, a man threescore. Our taste for sculpture 
has been modelled on that of antiquity, and cannot now change. Our 
dresses last not a lifetime, but must be changed as necessity requires, 
Makers of them will exercise their ski] and ingenuity in devising new 
forms—hence of fashion; and hence our ideas also change, and 
attach themselves to those forms with which we are in the habit of asso- 
ciating all that is graceful avd elegant. A modern statue, even in a 
medern cosiume, would, in ten years, address us in antiquated language, 
without gre | the respect due to antiquity, The Grecian statues speak 
tousin a language which changes not, and they speak to us of hoar 
the skill, the taste, and the cultivation to 
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sive principle, in which all beauty may be supposed essentially to consist.” 
An attempt, be continued, as reasonable, and of precisely the same nature, 
as that of a man who, setting out with the that every oak tree is 
——- attempis therefrom to prove every vegetable must be ao 
tree. \ 

Mr. Purdie then intimated that he would be prepared, in the second 
part of his , to go somewhat more into detail, aud to prove the fallacy 


of the theory from its own inherent defects and self-contradictions ; for of . 


these he conceived it contained sufficient for the purpose, although he 
might have failed in convincing any one on the general question. 4 
Parr I. 

Mr. Porpre commenced the second part of his paper by recapitulating 
shortly the contents of the first. He then proceeded to explain the scope 
the theory he had undertaken to refute. It was intended to be applied 
universal nature. This was sufficiently shown by the “ universal mathema- 
tical principle of harmony” assumed to be “ inherent in the mind,” for the 
purpose of giving a response to the laws of the theory. It followed that no 
object could be beautiful in which those principles were not developed. He 

aoted two passages from Mr. Hay’s book on Symmetrical Beauty as still 
farther explaining this, and showing how these laws are extended to univer- 
sal nature.—" In these” (the organic forms of nature) “ the first pri 
of symmetrical beauty are so blended with the picturesque, and operate in a 
Manner 80 exquisitely refined and subtile, that mankind have as yet been 
unable to systematize them.”—p. 2. “In compositions of high art, the 
principles of symmetrical beauty are so subtilely imparted as not to exhibit 
themselves.”—p. 4, To these be requested particular attention, this being 
the point at which all such theories fail, i, e. in the attempt to account for 
beauty of dissimilar or of opposite descriptions,—such, for example, as that 
which we discover in a child and in a full-grown man—in a horse, a New- 
foundland dog, or a greyhound; or a building—Doric, Ionic, Corintbian, 
Elizabethan, or Gothic. He said this was a mere begging of the question, 
a counterpart of Alexander the Great's mode of unloosing the Gordian knot. 
It would make the principles of this theory to be somewhat like the music 
of the spheres—filling heaven and earth with their strains—strains so “ ex- 
quisitely refined and subtile,” as to be altogether imperceptible to moral 
ears, Would not the natural conclusion rather be—‘ De non 
et non existentibus eadem est ratio?” It was admitted these principles of 
symmetrical beauty did not show themselves in works of high art. The 
admission was correct. They did not show themselves—only because they 
did not exist. Mr. Purdie next referred to the Parthenon, whose propor- 
tions it was attempted to show were in accordance with the principles of the 
theory. In making the attempt, however, it was admitted that several 
“ discords” existed—the outer intercolumniations being closer than the 
others. It is attempted to get rid of this difficulty by saying that the onter 
intercolumniations are relieved against the sky, while the others are seen 
against the body of the building—that an open space between two columns, 
seen against the sky, appears wider than when seen against a background in 
shade; and this assists in harmonising them. 

Mr. Purdie then showed, from the ground plan of the building, that there 
is visible a space of only two feet through the outer intercolumniation, while 
nearly four feet can be seen through that next it. This, therefore, instead of 
assisting the theory out of its dilemma, only increased the difficulty. Be- 
sides, a glance at the ground plan would have shown that the same inter- 
columniation was applied to the inner row of columns, which were so close 
to the building, they could never be seen against the sky at all. He then 
explained the reason usually assigned for the nature of the intercolumniation 
used in Grecian Doric, which is connected with the arrangement of the 
triglyphs and metope. He said, Mr. Hay stated that the line of the tym- 
panum formed with its base an angle of 15 deg.; that “as the angles of the 
pediment in Plates 6, 7, and 15 (of Stuart's Athens) all differ,” he “ adopted 
that of the latter, as being the most likely to be correct, because the pedi- 
ment is there given by itself.”—(Symmetrical Beauty, p. 72). Mr. Purdie 
showed, by reference to the text of Stuart’s Athens, that Plate 15 did not 
refer to the dimensions of the pediment at all, but was only intended to con~ 
vey an idea of the sculpture, and was given without measurements. 
measurements were correctly given on the elevation,—although the elevation 
itself was not in accordance with them. By a calculation made from these 
measurements it would be found to form an angle of 13 deg. 24 mia. There 
was a statement in the text, noticing the inaccuracy of the elevation. The 
real angle was there stated to be 14 deg. If the rest of the angles given 
had been taken from the elevation by means of the protractor, as they ap- 
peared to have been, they must be all wrong together, as the tympanum, as 
there represented, is 18 inches too low. 

This was the second attempt made to set the Parthenon to music. The 
first was proved and acknowledged to be a failure. Of that attempt the 
Atheneum remarked, June 10, 1843—* It is easy to see thata no- 
tion of this kind is a most insufficient basis even fora plausible theory. * * 
Mr. Hay is wrong when he asserts that certain proportions are beautiful de- 
cause they are those of the notes which, in all the combinations of harmony 
and melody of sounds, are most pleasing. His as assigned to 
form are most correct and most beautiful. They are not, however, those 
the beautiful sounds to which he assigns them.” 

The Grecian Doric, therefore, was not in accordance with the pr 
‘this theory. Perhaps the attempt might be more success{ul when 
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Mr. Purdie said, it might save the introduction of much irrelevant matter, 
if it were kept distinctly in recollection that he was not attempting to refute 
some imaginary theory which might be brought forward in the course of the 
Sn in, but that advocated before the Society by Mr. Hay, and contained 
in his published works. That theory was founded on the harmonic ratios. 
No doubt, order, proportion, and harmony were all necessary to the beauty 
of architecture; but it was not by the harmonic ratios these were to be ob- 
tained. The “Greek architects allowed themselves to be fettered in their 
proportions only.” This theory did not establish general propor- 

sat all. In music, the application of harmonic ratios, while they allowed 

all latitude as to general proportion, limited beauty to cer@ain fixed points or 
coincidences, from which when the slightest departure was made, discord 
| __-ensued. Thus a difference of a semitone would make as disagreeable a dis- 
ee cord as a full tone, and one quite as easily recognised. It mattered not 
j Whether too bigh or too low. The application of the harmonic ratios to 
V3 forms was intended to produce a similar effect. Thus in the case of a well- 
proportioned column, six inches added to its height would be as easily ob- 


es served as 18, and quite as destructive of its beauty ; and were the height 
| diminished by 18 inches instead of being increased, it ought to be no more 
a0, the departure from the harmonic ratio in either direction being equally 
ee discordant. The instant the correct proportions were departed from, de- 
| formivy would be the result; but let the alteration be continued a little 
| farther in the same direction, the deformity would be got rid of—a new 
f chord struck, and beauty and symmetrical proportion again obtained. 
f Mr. Pardie stated shortly what he conceived to be the source of the beanty 


__ of architecture and sculpture, and referred, as the best sources of information 
i __with which he was acquainted, to Lord Aberdeen’s inquiry into the princi- 
ry ples of bequty in Grecian architecture—Gwilt’s Preface to Chambers’s Works 
+-the Essays of Alison and Lord Jeffrey, and the lives of Christopher Wren 
and Michael Angelo Buonarotti, published by the Society for the Diffusion 
of Useful Knowledge. It was not necessary to seek for any mysterious geo- 
metrical law, The taste of a nation, and their power of producing and ap- 
iy preciating beauty, depended on their progress in civilisation, on education, 
e and the refinement these naturally produce. “ The beauty and perfection of 
the school of Phidias accompanied the great moral and intellectual improve- 
ment of the times, and art was most perfect when A’schylus, Sophocles, and 








_ Buripides, produced their tragic poems; and Socrates and Plato, and the « 


‘7 great Grecian statesmen, by their writings and example, improved the moral 
and political state of mankind.” —(Life of Michael Angelo.) That this 
tended to prove the general correctness of Lord Jeffrey's definition of taste— 
“That the power or faculty of taste is nothing more than the habit of trac- 
ing those associations by which almost all objects may be connected with 
interesting emotions.” 

Mr. Purdie then took notice of some of the methods 
the theory to practice, and contended it was equally potent to produce the 
ugly or the beautiful. According to the method given by Mr. Hay for 
@rawing the human rountenance, an oval was first described, and within it a 
triangle, its apex undermost. At the apex the mouth was placed, and the 
eyes at the two upper angles, But no rule was given for placing the apex 
¢ of the triangle undermost. One might, if he felt so disposed, reverse both 

f the triangle and oval; it might be some bungling Grecian sculptor who thus 

reversing his triangle, invented the Cyclopean type, with one large eye in the 
centre of the forehead, and a mouth extending from ear to ear at its bas¢. 

A similar effect would take place with the profile, in drawing which an 
oval ve hen for the face and a circle for the back of the head. He said 
the Ve is not an oval, nor is the back of the head a circle. To render 
the back of the head a circle,a large slice must be taken from “ self-esteem ;” 
and “ philoprogenitiveness” would suffer an amountof reduction which might 
seriously interfere with the increase of the population, The back of the 
wy head was, strictly Speaking, no more a circle than a square; and if it 
i ‘Were a square, or a rectangle, provided always it were a harmonic one, its 
consistency with the principles of the theory might have been quite as 
easily manifested, 


given for applying 


are styled (p. 81, Sym- 
‘metrical Beauty) a series of peculiarly symmetrical rectangles, which are 
the base of the first, the 
diagonal of the first as the base of the second, and so on. Mr, Hay, 
however, did not adop these as they naturally arise. They did not accord 
with the harmonic ratios, and were altered to suit, 
Mr. Purdie poiated out on adiagram the amount of the alteration, He 
said Mr. Hay referred to the temperament used in music in its justifica- 
tion, Mr, Purdie explained the nature of musical temperament, and 
showed there was no between it and the process adopted with 
these rectangles. He stated 
‘vention, and 

















n of it. Ifit failed with,any of these, there 
‘would remain for it but a small chance of success with the Gothic or the 
Elizabethan. 

























tical accuracy, would have been conclusive 


science claiming mathema: ep 
inst it, had it been in other ee rn 
a m Purdie next referred to egg oval, and Mr. Hay’s method of 
producing it, which might be new to many of the members, and 
(leaving out the harmonic ratios) the simplest and best method. He 
whatever merit its application to the drawing of vases might possess, it 
had not that of novelty to recommend it, bat had long been familiar to 
every one who had given any attention to the subject. He exhibited in 
Nicholson's * Architectural Dictionary” several examples of vases so 
constracted, along with a variety of methods of producing the figures on 
which they were based. 

Mr. Purdie explained the effect of engrafting the harmonic ratios on 
them, and exhibited a variety of diagrams to test whether any one could 
puiot out the discordant from the harmonic. But the method adopted in 
forming these ovals was, he contended, altogether subversive of the theory. 

Four pins are put in at certain fixed points, and a string tied round 
them, for the purpose of obtaining the form of two harmonic triangles ; 
but, before proceeding to produce the oval, one of the pins is pulled out, 
For this no reason could be assigned but the will of the operator. It did 
away at once with all idea of harmonic relation. A figure so constructed 
could bear no mathematical relation to the triangles on which it was based. 
Extend the radii to infinity, and a circle would be obtained independent of 
the shape of the triangles: redace the string to a sufficient tension, und it 
would become a triangle. A figure so constructed vibrates between the 
circle and triangle. At no possible point between the two could it bear 
any harmonic relation to the triangle on which it is based. 

In conclusion, Mr. Purdie said, that the origin of the fallacies contained 
in this theory appeared to be an extravagant fondness for analogy, through 
which the idea had been conceived of engrafting the principles of music 
on form: that, instead of analysing the phenomena of mind, aod deducing 
the principles of a science from the facts so ascertained, the mental phe- 
nomena had been left out of view altogether, and the theory formed on a 
mathematical basis depending on the harmonic ratios: and that the result 
was @ theory utterly at variance with those very phenomena on which it 
ought to have been founded. The only method of investigating the truth 
in metaphysical science was by inductive philosophy, the slightest atten- 
tion to the principles of which would have saved the author of this theory 
from the manifold blunders into which he had fallen. 


After the reading of the above paper, Mr. Hay made some remarks 
“On the effects of Perspective upon Proportion, being the first of a 
series of short papers upon the Harmony of Form.” 

Mr. Hay commenced by apologising to the members of the Society 
generally, for calling their attention to a fact, with which he believed they 
were familiar, But that fact had been denied at the previous meeting, in 
an attempt to prove a fallacy in his system of applying the numerical har- 
monic ratios to the proportioning of rectangular forms; and its denial 
seemed to be well received by the younger members. Mr. H. therefore, 
felt called upon to state the fact, and to demonstrate it, The fact, he 
Stated was “that whatever system of Proportion may be applied in ar- 
ranging the parts in the geometric elevation of a building, will also 
operate upon the effect of that building, in whatever degree of obliquity it 
may be viewed.” He exhibited five drawings, two of which fully ex- 
plained his system of applying the numerical harmonic ratios, and the 
other three demonstrated the fact which had been denied at the previous 
meeting ; and therefore concluded that the attempt to prove the fallacy of 
the system, by the denial of this fact, had failed, 

Mr. Hay observed, that an attempt had also been made, at the previous 
meeting, to assimilate his system of the application of numbers to sym- 
metrical beauty, with the mystical application of particular numbers by 
the alchymists, and some of the philosophers of the middle ages; and of- 
fered to prove that this attempt was also a failure, inasmuch as he em- 
ployed numbers in an intelligible, not a mystical manner. 


























































PECULIARITIES IN THE CONSTRUCTION OF GREEK 
ARCHITECTURE, 


Abstract of a paper “ On the Geometrical Lines and 
Of the Greek Architects.” By F. C. Penrose, 
Institute of British Architects, February 21st.) 

I will Observe, that although the scrupulous accuracy with which the 
measurements which I shall produce have been recorded may séem almost 
absurd to some, it will not Appear so to those who have been so fortunate as 
to see the originals, and observe the perfection of the workmanship with 
which they are put together, and the exceedingly happy preservation of 
many = eed the eo al which enables measurements to be taken with 
precision in these, w! in many buildings + matter 
am hep Y buildings they could only bea Av] 

use as my standard of measurement the 2: divide 
100 part ei shall call cents. et eit tae 
ning of the year 1846 I was at Athens. I had an introdue- 
M. Riedel, a Bavarian architect, who 
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buildings, excepting a rumour which I heard from our consul at Trieste, 

that there was something very curious recently discovered in the ancient 

buildings at Athens. 

‘These pecaliarities, which were then pointed out to me, were the convexity 
of the stylobate on the four sides of the building, and the inclination of the 
columns towards the centre of the building; that is to ssy, on the east front 
the axes of the columns incline in a westerly direction, and those of the 
west front eat . Those on the north and south flanks, south and north 

vely. It follows that the angle columns share the two inclinations; 
for instance, the north-east angle column inclines in a direction south-west. 

This fact has been ascertained some time; it is given with considerable 
accuracy in that part of the supplement to Stuart which was supplied by 
Mr. Jenkins, The exact amount, owing to the slight displacements which 
the building has suffered, is only to be obtained by a diligent survey of the 
whole building. . 

The observation of the convexity of the lines of the steps is more recent. 
I believe that one of our countrymen, Mr. John Pennythorne, was the first 
who paid any discriminating attention to these lines. 1 use this phrase as 
they cannot but have in some measure influenced our earliest investigation, 
as no one could ever have cast his eye along any portion of the upper mem- 
bers without being sensible of them. The lower lines of the building were, 
as I understand, quite encumbered with rubbish until the excavatious of the 
last few years, Any measures obtained by boring must have been vitiated, 
and they have doubtless given many a diligent measurer a vast deal of trou- 
ble, and many have been the dimensions which have stood at dismal variance 
with themselves, and been cast aside without being really to blame. 

Mr. Pennytaorne was the first to see in these an original intention and 
meaning ; he however kept his knowledge to himself, and the world first 
heard of it through the communication of MM. Hofer and Schawbert, German 
architects, to the Bauzeitung, in the year 1838. 

I was very much struck, as all who have seen the Greek buildings must be, 
by the perfection of the workmanship, and I took such lévels and dimensions 
as could with the instruments I had with me, for the purpose of ascertaining 
the amount and nature of these adjustments. And | arrived.at a sufficient 
degree of exactness to assure myself that it was well worth while to go 
deeper into the matter. I, however, os 1846), was not able to pursue the 
subject any further, and I returned to England in the autumn of that year, 
and had the pleasure of reading a paper to this Institute on the observations, 

They attracted more sensation than I had any right to expect, and I re- 
ceived a proposal from the Society of Dilettanti, that if I were willing to go 
out to Athens, for the purpose of taking more accurate observations, they 
would assist my operations with a sum of money. This proposal I willingly 
accepted, and provided myself with the necessary implements, and induced 
a young architect (son of Mr. E, Wilson, of Lincoln, the well-know archwo- 
logist) to accompany me, and we arrived at Athens towards the end of 
October last year. I was also so fortunate as to fall in company with Mr. 
Meyer, associate. 

The first thing which we attempted was the measurement of the base 
line, namely, the length and breadth of the building. This was done with 
steel tubular measures, compared at the time of measurement with the 
thermometer, from which also long deal rods were graduated for the mea- 
surement of the heights, and for general purposes. The steel rods were 
carefully compared by Mr. Simms, both before and after my return, with his 
standard, and 1 gave the results as delivered at Athens. They are still sub- 
ject to a very minute correction, but not worth troubling you with at 
present, 

As soon as the weather allowed, and the requisite permission obtained 
from the local authorities, I proceeded to hoist a scaffolding at the east-end, 
of which I made an entire circuit, beginning with the three columns which 
are standing on the north side, and ending with the south-east angle column, 

In this examination we plumbed every column, measured every stone of 
the architrave, the capital, and upper and lower stones of each column, 
in every direction; took careful measurements of all the cracks which have 
in any way modified the original form, and obtained levels of all the lines of 
the entablature at fixed points; and finally examined the entasis of five dif- 
ferent columns, taking several sections of each. 

We then mi to the west-end, where I contented myself with making 
an exact examination only of the two angular columns, which position en- 
abled me to obtain the levels of the upper members of the western part. 
[also took all such measurements in the western parts as my examination of 
the eastern part had pointed out to me as necessary to arrive at the exact 
Original state, I then led to examine the upper members of the 
posticum, and the arrangement of the tympanum, which has some pecu- 
liarities worth notice connected with the support of the statues. Then the 
bn the ceiling, and lastly, the original painting, engaged our attention. 






Parthenon, which 


ocenpied nearly five months. The Propylea occupied 
considerable share of attention, and I searched the temple of Theseus to-fiud 


how far it was analogous to the Parthenon. ; 

Last, but not least, we ascended the temple of Jupiter Olympus, from 
which we obtained various measurements and drawings. 

The measurements of the breadth of the temple on the upper step, at the’ 
east and west ends, I found tobe respectively 101°341 and 101°361,— 
north and south, 228-141 and 228°154 respectively. This exceedin, t 
small difference in measures which were certainly intended to be eq 


points out the limit of error, which can be attributed solely to inaccuracy — : 


of measurement in other dimensions, namely, about 1 in 5,000. I 

just observe that I found my wooden measures, notwithstanding they had 
been previously saturated in oi), subject to a fluctuation in various states of 
the atmosphere rather greater than this amount. So that, had the eastern 
front of the Parthenon been set out with deal rods on a dry day, and the 
western on a moist day, we should have had as great a difference between 
them as actually exist ; 

It follows that all quantities which tend to proportionality must be looked 
at with great suspicion, in which varieties exist sensibly greater than this 
small admissible error. 

The breadth of the temple of Theseus is 45-011, and its length is 104-23. 
The former is almost exactly in proportion of jths of the breadth of the 
Parthenon: this, I think, was intended. « 

But a difficulty occurs if we attempt to proportion the front with the 
flank on the upper step. It has been suggested to try the equilateral 
triangle. That, however, notwithstanding its being near enough the mark 
to suggest the trial, leaves the quantity = ‘282 unaccounted for at the end; 
and, besides, I do not find that in the Parthenon there are any affinities 
whatever to that figure. 

1 very much prefer to descend from the, upper step, and try the propor~ 
po on the second. By this addition, the flank becomes 106-63, and the 
ront 47°41. 

We now obtain a proportion 9 to 4, differing from exactitude by so small 
a quantity as to be fairly admissible. 

It is somewhat remarkable that the quantity 1-066 is found frequently in 
the measures of the Erectheum. 

The proportion of solids to voids is 4522 to 1000, nearly as 9 to 2, 

I have now stated the principal larger proportions: I will state a few 
others, which are the more important secondary ones. A very happy 
artifice is the walls of the pronaos and posticum being thicker than the 
cella walls. 

The height of the columns of the Parthenon is exactly jf, length of 
temple on upper step, the breadth of the abacus of six of the eastern 
columns is exactly y, breadth of temple; they are not all equal, but I have 
given the dimensions of those at the eastern end, which always gives the 
key to the main proportions. 

In the temple of Theseus, the column is exactly jj,th of length of temple 
on the lower step, and the abacus th of the breadth on the upper step, 
In both, this member appears to be the unit of measure for all the details. 

The whole building is most accurately proportioned in every part, and I 
think it not unlikely that it will be possible to find a standard which shall 
express every dimension without any incommensurable fractions. 

I now proceed to that part of the subject which is more particularly the 
object of the present paper, namely, the optical corrections. I shall first 
stute the case as I found it, and lastly, say a few words on the probable 
origin and intention of these subtleties, which prevail, more or less, in 
almost all the Greek temples—in all, indeed, that I have examined, with the 
exception of the temple of Bassw, on the borders of Arcadia, where I 
could not find satisfactory indication of either. convexity of pavement, or 
inclination of the columns, or even entasis. 

The pavement of the Parthenon is bounded by four curved lines, viz., 
the edges of the upper step on the four sides of the building. The four 
angles of this curved surface are not precisely level, the south-west angle is 
about *16 above the north-east and south-east angles. 1 think that this is 
simply owing to the lines of the earlier temple, which were also curved, being 
made use of as far as they would go, and by being produced in one direction 
only, and remaining fixed at the south-west angle. The line so produced 
would naturally fall below the fixed point. This is the case on the west 
front, south and north sides. The extreme points of the upper step of the 
east front are exceedingly near level. The result of a number of observa~ 
tions gives only a difference of ‘002, or shy feet, a quantity which we peed 
not stop to discuss. 

If these two points be joined by a straight line, the curve which forms 
the edge of the step will be found under the middle columns to rise to a 
height of *214 above it. If the uniform curve had been preserved, it would 





have been ‘218 in the middle, which is about ,}, breadth of front; and the 
curvature is 80 regular on the northern half of this front, where the 
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Let it be requi 
ture, whose length is 100 feet, and the rise at the centre is to be *25, or any 
other small measure which must not much exceed one foot. Construct 
with any axis a parabola, and set off from the vertex A B = the proposed 
rise, se | draw LM at right angles with AB, Now, LM will represent the 
100 feet horizontally, and ordinates drawn to the curve perpendicular to 
ris will determine the exact rise at as mauy points as may be required, fall 


The curve on the upper step north side of the Parthenon, also approxi- 
mates to a regular curve very closely ; -its entire rise in the centre above the 
line joining its extreme parts, is +356, which is very nearly in the proportion 

of 3 of the rise in the east front: it is exactly gly length of the building. 

The curve on the south side seems to have been identical with the north 

side, but it has suffered more from the concussions which the building has 

‘ sy ame especially as there is a great depth required omthis side of arti- 
fidial dation, On the north side the steps rise almost immediately from 
the solid rock, The curve on the west front is not quite so symmetrical as 
on the other sides. It has, I believe, been affected by the lines of the old 
building. The rise is exactly the same as the east end. 

The upper members on all four sides follow the steps, and are nearly 
parallel, but there is a little more curvature given to the steps; the entire 
rise of architrave is +173 on east front, *175 on west. The levels of those 
portions of the entablatures which remain on the north and south sides 
point out the directions which those lines had originally, and they were as 
nearly as possible parallel to the line of the step, excepting that just at the 
angle columns the step has a little the more declension. The frieze and 
Cornice are exactly parallel with the architrave. In the temple of Theseus, 
also, these curves prevail; on the fronts the rise is yf; part of its length, on 
the flank, pfj. The lines in the architrave are exactiy parallel to the step. 

There is one refinement which the temple of Theseus possesses, which the 
Parthenon is without, In addition to the cornice being raised, the inclined 
lines of the pediment have a very slight convexity, between ‘02 and ‘03, I 
was unable to fix more precisely the amount. I imagine that it was owing 
to some degree of haste in which the Parthenon was finished, of which 
there are several indications in the upper members, which prevented this 
final adjustment being made to its pediments; the state of the political 
horizon at that time making the completion of the long walls of more im- 
mediate importance than the optical corrections of the Parthenon. Ona 
former occasion, I stated my impression that the cause which led to the 
adoption of this:convexity of the horizontal line, existed in the contrast of 
the inclined linet of the pediment. 

Mr, Ferguson has kindly favoured me with an illustration, which I will 
read to you, from a description of the construction of an iron foundry at 
Kasipur, near Calcutta, built in the year 1834. The foundry is covered bya 
single roof, with principal rafters, tie-rods, and suspension bar from the 
centre., The rise is 6 feet and the span 50 feet, which is exactly the same 
pitch as the Parthenon and Propylwa. The passage is extracted from vol, 
iv. of the journalof thé Asiatic Society of Bengal, p. 116: “ Before closing 
our short account of the Kasipur roof, we must notice a curious optical de- 
ception, for which we are somewhat at a loss for a correct explanation, On 
entering the room and looking up at the roof, it strikes every beholder that 
the roof has somewhat sunk, and the horizontal tie-rod is about 5 or 6 inches 
lower in the eentre than near the walls. We were not convinced that 
it was a deception until Major Hutchinson, at our request, caused an 
actual measurement to be made by a perpendicular wooden batten from 
an accurately adjusted level on the stone floor. It was then proved 
that there did not exist a difference of level even to the tenth of an 
inch.” The conclasion is obvious that a straight tie-rod appeared 4 
be deflected; and I have no hesitation whatever in ascribing the cause to 
the contrasting lines of the principal rafters, Ido not think that it is ne- 
cessary to have our eyes refined by a southern climate for the appreciation 
of these effects. I suppose that there are very few gentlemen here who have 
not felt the same disagreeable effect of a flat open roof with horizontal tie- 
beams, unless, indeed, the latter be very much cambered. That this was 
the view the ancients took of the matter 1 am convinced by these two 





That the groat temple at Pastum has the convexity only in its fronts, and 
not on its flanks ; and in the Propylwa at Athens, alttiough the base on which 
the columns of the two pediments stand is perfectly straight and level, 
the line of the architrave was curved. For enough remains to determine this 
in the eastern portico—the central columns are actually about *12 higher than 
those at the angles, The base in this building is cut in two by the ascend. 
ing roadway, so that there could have been little or no advantage in a con- 

_ vex base line. 

At will be well to remember that the temples at Athens were the result 

| of the experience of several centuries in which these refinements were gradu- 
ally brought to perfection, The first process was probably to raise the 

| cornice under the pediments and entabla by making the middle columns 

: than those towards the angles, as I have mentioned in the 
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impossibility, he circle, which would require a diameter | this, I must willingly admit that I was perfectly content with the temple 
Ponce ia een Paeitam; stil (tort of perfection could satiny the refinement 
ired to construct a cireular or other arc of uniform curva- | vision with which the alone, the people of all time, seem 


above-mentioned, anglewise, and contrasting the-convexity of the 
the fronts with the straight line of that on the flanks, or 
comparison of the two different forms of line on the stylohate, eo 
the possibility of improvement; at any rate as early as the time of Pisis- 
tratus, the Athenians had began to demand from their architects the 
fected construction, as the foundations of the temple of Jupiter Olympus 
testify, which we know were laid during his reign. 

Talso refer to his time, the earlier temple of Minerva, which 
the site of the Parthenon at the time of the Persian invasion, in which also 
we find that the lines on the four sides of the building were convex. I can 
bear witness also to convexity on all the four sides of the temple at Nemma, 
in the Peloponnesus, and Segeste, in Sicily. I could find no trace of con- 
vexity at Corinth, Egina, Rhamuus, or Basse. 

The next subject is the inclination of the coluinns and the upright faces 
of the building. Ist. The face of the steps inclines about *008. 2nd. 
The columns incline, backward, a quantity, of which I obtained the follow- 
ing results. From the average of the measurements of all the lower drums, 
(scamille impares, as Vitruvius calls them) *229, From plumbing the an- 
gular columns of the east front, taking into consideration all the cracks and 
movements which have modified its original position, I obtain two results of 
230 and *232, 

In the plumbing, I observed every precaution to ensure correctness, 
using a very heavy weight and also watching for calm intervals of weather, 
which are rare at Athens, I am pin! to think that °228, or one thou- 
sandth part of the length of the building was the amount originally intended. 
Those gentlemen who remember the perfection of the joints with which the 
Parthenon is constructed, will allow that the openiigs between them, which 
at present exist, are the exact records of all the settlements which the 
building has undergone, and that by a careful examination of these, the 
original amounts may be exactly recovered, which would be hopeless in a 
building which bad been of less highly-finished constraction, 

Vitruvius directs that the columns of the pronaos and posticum should 
be set perpendicular, and those of the peristyle should incline towards the 
cella, In Cicero ad Verrem, we have an amusing passage, in which Cicero 
relates one of his rascalities; that having under his charge, as Roman 
governor, a young Syracusan nobleman, whose property was subject to the 
condition of repairing the temple of Castor in that city, Verres was ex- 
ceedingly anxious to make a job of this; so he goes to examine the temple, 
but was much disappointed on finding it in perfect repair, when one of his 
companions casually observed, there is nothing here to be done, unless you 
order the columns to be set perpendicular, Verres was evidently surprised 
at this observation, for be knew nothing of architecture, and to his eye the 
columns appeared angular; but it was mentioned to him by those who 
were around him, and no doubt familiar with the practice of the ancients, 
Sere nullam esse columnam que ad perpendiculum esse possit—namely, 
that in a temple there was scarcely any column, which by the practice of the 
Greeks, could be perpendicular. Verres was delighted at finding something 
to set his young friend about, and said, “ Ob, by all means let him set the 
columns perpendicular ;” aud no doubt he took care himself to superintend 
the payment. 

The object of this adjustment is to correct an appearance of fanlike 
spreading from the base outward, which takes place in columns which are all 
perpendicular, It may be owing to this cause that, in consequence of the 
diminution of the columns, the spaces between them on the architrave are 
greater than those on the ground (for the eye quite makes allowance for the 
counterspread of the capitals). Again, owing to the greater depth of 
shadow behind them, the upper part of the columns will have apparently 
more strength of light, and consequently appear greater. The effect altoge- 
ther produced will cause the architrave, if equal, to appear longer than the 
base, and consequently the angle columns will appear to lean outwards: this 
is rectified by making the said angle columns lean a little towards the centre 
of the building. It is a proof of the wonderful judgment with which this 
quantity was chosen, that so many diligent and accurate observers have 
studied and drawn these temples without being aware of the fact. When 
my attention was first called to it, 1 could-not at all perceive it; and I 
greatly amused a French architect, who had been for some time at Athens, 
by asking him which way they leaned: after some days the eye began to 
take cognizance of it, and I could perceive which way it went. 

The impression of strength and beauty resulting therefrom is by no means 
confined to those who are cognizant of the fact ; and I doubt not that many 
of our earlier investigators have been astonished that the level-and-plumb 
imitations of Greek architecture which we bave in this country so little re- 
called to their minds the consummate beauties of the Parthenon and other 
Greek » No doubt our climate is unsuited to the pure Greek, but: 
this is not enough to account for the falling off; it is not so in our Roman 


and Palladian buildings. 

One peculiarity which I noticed is that the antw lean forwards to meet 
the colamns of the pronaos. This seems:to have resulted from the inclina- 
tion inwards of the columns of the peristyle; those of the pronaos and 
posticum being » the effect would have been to 
strong contrast their different positions, aud the artifice | 
been devected: by the influence of the contiguous face of the 



























































e perpendicular, is 
a perpendicular. pilaster, when brought very near 
: Soatieor tering, en ths effect of the column appear 
tolean forward. The inclination of the ante is not itself visible, except to a 
in the narrow space between the inner row of columns and the wall ; 
‘and when the eye is brought very near to a line, so that it cannot take it in 
all at once, it is scarcely possible to judge of perpendicularity. 
‘The Jast peculiarities I shall mention are the differences of the abacus. 
Those on the east front are of the largest class, the north-east and south-east 
having the | tin the whole temple; they are 6°858; the others in the 
east front are 6°755; on the south side they are 6-580, and so are they on 
the west front, The north-west angle is the same as the ordinary size of 
the east front, 6°755; the south-west angle is somewhat less; on the north 
side they are 6°750 in the middle,-and. regularly decrease towards the 
les. 
athe entasis of the columns is the most wonderful and beautiful of all the 
curves, It is so delicate, that its existence was for some time doubted ; and 
yet I found by careful measurements, ina manner which was suggested to 
me by Professor Willis, which I will here describe, A fine harp wire was 
strained from the top to the bottom, as tight as it would bear, close to the 
edge of such flutes as preserved a sufficient number of points, with the 
original surface, and by means of a rule similar to the one I here produce, 
which is supplied with a vernier, I was enabled to measure from the flute to 
the wire with the greatest accuracy to about -half ;j,, foot. I took such 
measures in several columns of the Parthenon, which I found to be won- 
derfully true aud identical, 1 measured also the entasis of columns from 
the Erectheum, Propylwa (both orders), temple of Theseus, and Jupiter 
Olympus. In those of the Parthenon, Erectheum, and Propylma, I find the 
correspondence with hyperbolic arcs, which I have calculated so exact, that 
the mean of from 14 to 20 measurements in each column differs from the 
calculated curve less than jj, foot, and none of them, where the surface 
was to be depended upon, differs by so much as shy. The entasis of Jupiter 
Olympus gives also a very true hyperbolic arc, The columns of Theseus 
are so much worn in their outer edges that I was obliged to content myself 
with measures within the flutes, which never give such regular curves as the 
fillets, although the flutes are worked with a nicety far exceeding that found 
in any other style of architecture. Still, a mean from four different sections 
within the flutes gives a very accurate hyperbolic arc, although no one is a 
perfectly regular curve. These hyperbolas are all chosen with their axes, 
multiples, or aliquot parts of the attic foot. The Greek architects acted 
with great judgment and knowledge of the nature of the curve they were 
employing, as it is the only one of the conic sections which can produce 
variety in such delicate curvature as they have chosen for their entasis. 

I must now advert to some of their mouldings, which are worked with 
the same perfection, and, as far as 1 have examined, are all different forms of 
the conic sections. 

The echinus of the capitals of all the Doric columns agrees with various 
forms of the hyperbola, The soffit of pediment, Parthenon, and Propylwa, 
and I think of Theseus also, shows a hyperbolic arc. This is a magnificent 
moulding, and worked with the utmost: perfection. That of the Erectheum 
is an equally true parabola, The cymatium of the Parthenon is the only 
certain circular form which I know, except the torus of base, Erectheum, 
and lonic order Propylwa. The flutes, also, are all parts of circles, whose 
centres are proportioned to the width of the flutes. In this they showed 
their jadgment, as it would have been almost impossible to have worked 
pure ellipses; and in these retiring surfaces the value of the perfect variety 
of curvature of the ellipse would scarcely bave been appreciated. Talking 
of flutes, there is a peculiarity in the flutes of the Parthenon, which does 
not occur in any other of the temples of Athens. The flute at the neck is 
deeper in proportion to its width than in the rest of the shaft: during the 
whole rise, until about 3 feet below the neck, the sagitta or depth of the 
flute, from. its chord, is ths of chord. At the neck it is {9ths, which is 
about Jth part greater. This has a good deal of effect on the column, and 
ties a richness of effect to the upper part, at the same time that it 

minishes the light in that part where it can best afford it, viz., where it is 
pet anaes to the deep back-ground of shade of the upper part of the cella 
w 

I have not yet.wuch to say with regard to the colouring of the temple, 
nor have I much time.to say that Jittle, for I fear I must have exhausted your 
patience, The drawings which are at present made represent the architrave, 
band, &c., the triglyph, and the string which carries the marble beams which 
Supported the ceiling. There is not a great deal of positive colour remain- 
ing in the Parthenon. - The underside of the mutules show some vestiges 
of blue and red colour, and the upper part of the nook of the triglypbs, 

ere and there on the east front, preserves some blue. One of the ante 
of the posticum bas a tolerable supply among its eggs’ of blue and green, 
and some red, The flowers which decorate the beads. <S and other mould- 
ings have no trace of positive colour, but the drawing of the ornaments 
upon them is in many places clearly to be made out. 








' CAST AND WROUGHT IRON BRIDGES.—(Parr IL.) + 
(Continued from page 126.) ak 
At the request of the council f the Royal Scottish Society of Arts, 
coal aah eae oe the Strength of Materials, as cpplicable fo a 
construction of Cast or Wrought Iron Bridges, including an account of the 
Tubular Bridges over the Conway and Menai, Straits &c.,” was read, Aprik 
10th. By Grorcx Bucnanan, Esq. President, ty 


In the first part of this paper, Mr. Buchanan described, on a former even 
ing, the principle and construction of the High Level Bridge at Newcastle, 
which is intended to complete the communication by railway between Lon- 
don and Berwick-upon-Tweed. Some inquiry having been then made from 
the chair régarding the bridge over the Tweed, the only remaining link un- 
completed between London and Edinburgh, he had received the fo! 
particulars from Mr. Harrison, the resident engineer under Mr. son = 
—This bridge is to be of stune, and is to consist of 28 semicircular arches, 
each 614 feet span, resting on lofty piers, carrying the level of the railway 
103 feet above high-water mark, 126 feet above low-water mark, and 185 
feet above the deepest part of the bed of the river. The whole length of 
the bridge, with abutments and wing-walls, is 2140 feet. The 28 ‘arches are 
divided into two series by a broad pier, 28 feet in thickness in the middle. 
The piers of the arches are 84 feet in thickness at the springing, increasing 
by steps towards the bottom. The bridge will not be completed for 16 or 
18 months, but it is intended to have a temporary bridge ready for traffic in 
the month of July next. This viaduct is a work of great magnitude, and 
will form, when finished, a striking and imposing structure, and one of the 
many to which the extension of railways has given rise. While on this sub- 
ject, he would mention two other remarkable works, recently designed and 
executed by Mr, Miller on the North British and Ayrshire Railways. The 
one is the viaduct over the Valley of Dunglass, between Dunbar and Berwick, 
not far from the once-celebrated Pease Bridge. This viaduct crosses the 
valley and banks by six semicircular arches, each 60 feet spau, and then the 
deep ravine by a single arch, 135 feet span, and rising 105 feet above the 
bed of the stream. A large and beautiful model of this structure was ex- 
hibited, which Mr. Miller, at the President’s request, had allowed to be 
shown to the Society. The other viaduct is that of Ballochmyle, across the 
Water of Ayr, on the Cumnock Extension of the Ayrshire Railway, and is 
similar to that of Dunglass in crossing the valley on three semicircular arches, 
each 50 feet span on each side, but is still more remarkable in crossing the 
deep ravine in the middle by a single semicircular stone arch no less than 
180 feet span, and rising 150 feet above the bed of the stream—a bold and 

*noble design,and which has been executed with complete success, the 

cent rocks furnishing such vast blocks of stone as greatly to facilitate the 
construction, and to render, indeed, the plan itself practicable. The arch 
stones are 5 ft. 3in, deep at the springing, and 4 ft. 9 in, at the crown, and 
the appearance from below of the stupendous arch rising to such a height is 
singularly grand and striking. The whole arrangements connected with the 
quarrying and raising and depositing the stones on the building, by the im- 
proved machinery of modern times, have been most efficiently conducted by 
the contractors, Messrs. Ross and Mitchell, and the simple mode of centering 
adopted and shown in the Dunglass model is recommended by the advantage 
of preserving the timbers entire. 

The subject of stone bridges opens a wide and interesting field, but exe 
tending beyond the limits of this paper. He would, therefore, resume the 
one more immediately prescribed, namely, the strength of materials, particu- 
larly iron for bridges, Some interesting experiments, which the time on the 
previous evening did not permit to be shown, were then made on the tensile 
strength of stone from Hailes and Craigleith quarries. The Hailes stone 
bore on the square inch 360 lb., the Craigleith considerably more; and a re+ 
markable effect was observed here after the load had hung for a little: it 
was suggested by a member to give it a slight tap with a hammer, and, on 
this being done, it immediately snapped asunder, showing the effect of vibra- 
tion or concussion when the materials are greatly strained in aiding and 
completing the fracture, a circumstance which appears to throw light on 
what may sometimes occur by the rapid and violent actions of the trains on 
railways. The compressive strength of the Hailes and Craigleith stones was: 
then shown, by experiment, to be much greater than the tensile strength; 
and as it required, indeed, more weight and a more powerful apparatus than 
could be commanded, these experiments on different stones were deferred to 
another evening. 

The compressive strength on posts or pillars was then considered, and the 
remarkable effects of the length of the pillar in diminishing its strength. On 
this subject much light has been thrown by the experiments of Messrs. 
Hodgkinson and Fairbairn. Pillars or rods were tried of different lengths, 
from 3 inches to 5 feet, and of different diameters; rods half an inch diame 
ter, with 39 inches length, bore 11 tons; but when the length was 7} inches 
it only carried 5 tons, when 15 inches long, 3 tons; and at 30 inches only 
13 ewt. From these experiments, a general role may be drawn for different 


lengths. Taking the strength of cast-iron as formerly given at 50 tons per 

ayeare inch, this will hold good ia, pillars till ee hanno —— 

the diameter, and then it begins to diminish. m the times 
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materials was called in, and to Messrs, 
duty was remitted of trying the effect with 
experimental tubes on a small scale, and finally on a model one-sixth of 
the dimensions of the bridge, being 75 feet long. Much valuable informa- 
* tion was obtained during the progress of these experiments. The first 
thing observed was the uniform tension of the under side of the tabe when 
loaded, and the violent compressiou of the upper side, forming a beautiful 
illustration of the nature of the tensile and compressive forces already laid 








top and bottom are curved round to increase the strength of 
and there are also gusset or angle pieces rivetted on teem 
Strength. The rivets used vary from 1 inch to 1} inch diameter, and there 
are about a quarter of a million in each tube. ‘he holes were made so as 
to make the rivets fit well, and they were all put in red hot, The sectional 
area of the bottom frame of cells is 5608 square inches, 

These are the dimensions in the centre of the tube, but the to} 
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down, The former, by its uniform tendency to produce the stable equi- | become thinner towards the ends, where they are only }-inch thick, and 
librium, bringing the thin masses into a straight line, the line and position | also the bottom plates, where they are reduced to j-inch each, The side 
of 3 but the latter, on the contrary, tending to produce flexure in | plates again get thicker towards the ends, where they are ths thick, 
Tomiates te push them out of the straight line, and push everything out | ‘The ends of the tube are stiffened with cast-iron frames, and there 
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that whep the bottom plates remained firm, and retained their 

plates became up and puckered like a loose web of 
top plates were, therefore, strengthened, and the addition of 
te the top increased the breaking weight from 3,700 1b. to 


gth that was wanted on the top plate as 


also castings in the cells for 8 feet at the ends, and the sides are 
greatly strengthened at the ends. The tube was originally curved on 
top 7 inches, and was brought to the straight line by the ‘elasticity of 
material as calculated on; showing that with its own wi 1300 tons, 
only sunk 7 inches. The one end of the tube is to be io 
pier or abutment, the other is to be loose to allow of expansion, w! 
pon layer of plates, the idea naturally been found quite visible in different states of the atmosphere, Mr. 
to a series of litle hollow square tubes says that the tube is a sensible thermometer,—half-an-hour’s sunsh 
baving the « ide, oue end, or on the top, will move it laterally an inch and a half, ¢ Kt 

which was that vertically two inches, and this when the tube is loaded with 200 tons 
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INSTITUTION OF CIVIL ENGINEERS. 
=< 28, = April 4.—Josuva Frerp, Esq., President, ia the Obair. 
per was “The Ei ‘in t ” 
bo ry G.B.LW, J ACKSON, ee Inst. 4 ae eee Bresbosch oper: en into te sy ee of water; 
is communication to close the Krabbe, Noord, and the Spry, w: jice gates ; 
fh purge of lonpeting pera lagi eee meng orien is 
ct tl t Vi i — i ater to act ¢ 
lafootunes TA in the writings of Beaudemoudin, Vanden Bergh, | this island, und ‘with inerensed velocity and an additional, qoautity of 
menced with tracing the rayenhot!, Ockbart, and Wiebeking, Itcom- | water attempting to remove the bar and shoals.” 
th tht cntenee nae oe tenon the Rhine from its source | “+ vis 18.—" Obuervations on the Revistances to Raiheay Trains at dif- 
en treated at considerable le: JSerent Velocities.” By Mr. D. Goocn, of the Great Western Railway. 
ancient ty through which the river and ersed. The | For the perprse of Performing the experiments, a dynamometer carriage 
_| was constructed at Swindon, in which all the results required were registered 
npon a large seale, on the same roll of paper, thus exhibiting at one view, 
and in the same of time, the tractive power exerted upon the train, — 
and the force and diréction of the wind ; the registration of the results was 


made upon the paper at every sixteenth part of a mile, and the 
siasevad bo Cogseapetidonce with thadiataome tanverted 
of a second. The ™ t 
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